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' giTOB a square of r 69 ft side, the up-etream edge of which has been eased off to reduce the breadth 
of contact to abont 8 in. In its upper portion, the thickness of the poet is reduced to 1*18 ft, 
whilst its breadth remains constant ; the upper and lower ends of the post are enclosed, the former 
in an iron, the latter in a bronze hoop, or rather rectangular band, having, in the cose of the upper 
one, plates or notches capable of being laid hold of by a crow-bar when the gates are closed so as 
to bnng them exactly opposite each other. The mooe of fixing the cross-pieces to the mitre-post 
is identical with that adopted for the heel-post. The stoat pieces of ironwork serving to fish the 
joints are similar, and are held by Ig-in. bolts. 

fntermediate Posts, — These are formed of two half-posts connected with the cross-pieces in tlie 
manner described for the heel-post. Each half consists of two rectangular pieces. When it is required 
to put the four p^eat portions of tlie leaves together, the intermediate half-posts are placed together 
and the eight indents or scarfing notches cut on tiieir height, ensure their holding in the vertical 
direction. Iron fish-pieces indented into the two faces of the post, prevent the two halves from sepa- 
rating lateraUy. Thus composed, they have the following breadths throughout their height ; next 
the heel-post 2*22 ft., in the middle of the leaf 2*16 ft., and next the mitre-post 2 ft. The thick- 
nesses, whioh are variable, ha^e been already given. Tiiese posts are bound witli cast iron at their 
upper, and with bronze at their lower ends. 

Principal Iron Pieces. — Allusion has already been made to the strong iron strips binding the end 
posts to the croes*piecea. They are of wrought iron, from 4} in. to 5f in. broad, and 1^ in. thick. 
The form of these pieces will be seen on Fig. 5156, and as they are let into the wood it will be 
noticed that they hold partly by their form. Upon the up-stream side of the five cross-pieces 
strips of iron from 6*30 in. to 4*72 in. broad are bolted to the tie-pieces. on the opposite side with 
2-in. bolts. The several pieces of whioh a cross-piece is composed are bolted together with hori- 
zontal and vertical l^-in. bolts. The chain attachments are 4*60 ft. above the wall and at the 
same distance from the end of the leaf, and therefore at a point near several iron s^ngthening 
pieces. 

Ifte RoUers. — ^Each leaf is supported upon two rollers placed one at a distance of 23* S2 ft from 
the pivot, and the other at twice that distance. They are both 11 * 8 in. broad, but are of different 
diameters, that of the one farthest from the centre of rotation being about 3 ft, end that of the other 
21 ft The fioor of the chambers is 3J ft. below the edge of the shutting sill : the portions beneath 
the pivots and roller paths are raised, as shown in the figure, for the purpose of keeping them free 
of accumulations of sand. The height of these portions above the fioor is, including the rails of the 
the roller path, 14} in. The consequence of this is that the axles of the rollers are a little above 
the bottom of the leaf, in which a passage has been cut for the roller. The latter are placed a 
little towards the outside of the leaf in order to diminish the depth of the passage, and to bring 
the shaft to the roller-framing up to the face of the leaf to a bearing box provided with two regu- 
lating keys, and situate between tUe first and second cross-pieces. The roller paths are of a 
special form. Between their upper and lower faces, 12 in. and 36 in. broad respectively, there are 
a series of openings communioatmg with the top of the path ro as to allow deposits of sand to drop 
down upon mclincMi planes, by whioh they are ejected from the cast-iron segments. 

Sluices, — ^There are two sluices in each leaf between the two lower cross-pieces. They are of 
oast iron, and are 5 ft. broad. Two rods reaching to the top of the leaf^ and connected there by a 
oross-head, and capable of being moved up and down by means of a screw and nut, form the work- 
ing connections of the paddles. 

Fenders, — ^The concavity of the down-stream face of the gate protects it from the friction of pass- 
ing vessels. But for greater security, vertical pieces are fixed against the tie-beams over the inter- 
mediate posts. These pieces are nearly square in section and are of deal, as they do not give 
additional strength, and, besides, are not needed on the lower third of the leaf. 

Fbot-paih Platform, — ^The foot-path platform is about 6 in. above the side waUs, and has a 
breadth of 4 ft 6 in. throughout tne length of tlie leaf. It is supported at intervals upon the 
top cross-piece by cast-iron supports. The two hand-rails are each formed of ten wrought-iron 
standards connected at the top and in the middle by chains, as shown in the figure. Each chain is 
fixed to one standard by an eve-bolt, and is hooked to the next. The standards are supported in 
small deep sockets upon the face of which they rest by a broad base. This arrangement, which is 
everywhere adopted in the Mersey Books, enables them to be easily and quickly taken down and 
replaced. 

Weight and Volume, — Each leaf contains 8516 cub. ft. of green-heart timber, the weight of 
which is about 113 tons. The weight of the iron used in the construction is 22 tons. The total 
weight of a leaf is therefore 135 tons. The total volume of the leaf may be taken as 3637 cub. ft 
Under ordinary oiroumstances the immersed portion corresponds to the level of the top of the 
fourth cross-piece, and its volume is about 2860 cub. ft ; thus the lessening of the weight is 
about 81 tons. Hence it follows that the weight upon the pivot and the two rollers is 54 tons, 
say, in round numbers 18 tons upon each roller. These gates are opened and shut by hydranlio 
machinery, and the operation requires three minutes. 

The Wrought4ron Oates of Jarrow Docks upon the Tyne, Figs. 5160 to 5162. — ^These gates were 
constructed in 1858 on the model of the Victoria gates, but with certain improvements whioh 
obviated the* grave defects possessed by the latter. 

The Wrouifht'inm Gates of the Grand Surra/ Docks^ London, Figs. 5163, 5164.— These gates are 
remarkable for a peculiar construction both of the leaves themselves and of the horizontal and 
vertical diaphragms of which their framing is composed. The former are curved, but have on the 
concave side a straight tie-piece, oonstitut&g the ciiord of the arc, which stmts against a straight 
sill. The latter, with the exception of those enclosing the water-tight chambers, have latttce-wtbs, 
Thales^ves are, like those of the Jarrow Dock gates, curved at the bottom, so as to raise the pivots 
clear of all obstructions, and they support, in ordinary equinoctial tides, a pressure resulting from 
a diSbrenoe of level of 20 ft. The angle formed by the two leaves being 148°, it follows that the 
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The vertical diaphragnu ue nnmeroiui, then being, besides the tvo end onea, 
•even intermediate. The angle-irons employed are 3 in. by Ai"' tliick. The 
tollci' is external to the curve, aa in the caw of the Tictoria Dock gntea, and 
is 2 ft. in diameter and 6 iu. bt«ad. Its tegulatine aupport ia a vertical hollow 
oolninn of east iron, of 10 io. diamelei' in the middle where It is greater than at 
the euda. and 1 Iil in thiokneas. The upper portion of the down-etreooi side of 
the leaf ii protected bj oreosoted planka 4 in. thick and 14 ft. long. The prin- 
cipal dimension! are;--flpan. 50 ft ; height of the leaf above the mitre-point, 
29-5 ft, : thickneag of the leaf in the middle, a*42ft ; thickness at the ends, 2 ft 
The thiokneu of the akins varies between 4 and A In- Becb leaf weighs 
62 tona ; it displaces at high water 49 tons, and at loir water 20 tons. The 
weight of iron in a leaf is approximately 15 tons. 




Having described the nature and coustniotioD of some of the moat important lock-gatee now in 
.;_! ^ ni_j__< j_ .1 . !._»__. __»_. — J ._ ji i.._i _».L. jg typBB may be adopted 

>r rathei' its limita, ainoa 
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the breadth of looks cannot be abaolntely uniform. It may be admitted, however, writes P^riae^, 
that in harbours ahready possearing large entrances, it would be useless to exceed Uie breadth of 
70 ft. in future. It must be observed that the floor of locks is nearljualwavs curved in the form 
of an inverted arch, in order to resist better the under pressures ; and the exaggeration of the 
breadth would allow the passage of large screw-steamers, the adoption of which seems to be getting 

S moral, to pass out of the axis of the lock, that is, get into a part where the depth of water is less, 
nt, on the other hand, it is desirable not to go below 55 or 60 ft., if we wish to be prepared for 
possible future requirements ; 60 ft. appears a good mean. 

As to the best type of gate, it is evidently that which utilizes the assistance that the vertical 
lends to the horizontal^ equal^ and equidistant croaa-^neoes. The advantages of this compound system 
are indisputable in the case of wrought-iron gates. But the advanti^ is not so apparent in the 
case of wooden gates. It is more difficult to procure a series of pieces of the same tnan of various 
dimensions ; and the lightness of wooden gates increases with the volume displaced in neap tides, 
and when the cross-pieces are equidistant, this volume evidently decreases. Wooden gates with 
equidistant <ax)SB-pieces are tlierefore heavier. 

With regard to the question of form, whether straisht or cylindrical, of the cross-pieces, it may 
be remarked that curvature gives a smaller quantity of materiaLand is more economical for wooden 
gates, notwithstanding the greater cost of the shutting sills. But in the case of iron gates this 
economy is purely theoretical ; it does not exist in fact, first, by reason of Ihe necessity of giving a 
greater thickness to the skins than curved leaves would require, and, second, the curvilinear form 
on both sides increases the difficulties of construction in iron leaves, which, it must not be forgotten, 
have to be water-tight in their air-compartments. P^ssi^ is of opinion, therefore, that in iron gates 
the cross-pieces should be straight on the side farthest from the pressure. In wooden gat£ the 
cylindrical form has the disadvantage of not allowing the use of suspension ties, which are indis- 
pensable for suspension gates. But when rollers are used, curved leaves of green-heart timber, like 
those on the Mersey, should be preferred to all others, on account of the great durability of green- 
heart in sea-water, and the possibility of employing timber of all dimensions. * 

Nature of the Materials. — A careful calculation of cost will show that wrought-iron gates are the 
least expensive ; and we saw in the case of the Boulogne gates that they possess me following 
advantages: — 1. Any degree of lightness obtainable by increasing the dimensions of the air- 
chamber. 2. Greater rigidity. 8. Capability of being more easily moved, and at any height of 
the tide, when the gates are upon rollers. 4. Capability of being rendered heavier if required, to 
resist the action of waves. 5. Constant load upon the pivot and roller, unless in exceptional cir- 
cumstances. 6. Possibility of suspending tiiem without suspension ties, as the skins may serve 
the same purpose. 7. Facility for examination and repairs. 8. Greater durability. 

This enumeration is conclusive in favour of iron gates as compared with wooden gates. As for 
those which we have called mixed or compound, they ought certainly to be abandons. . 

Wooden gates, however, have still numerous partisans. They are more easiljr constructed and 
replaced. It may be objected that lion gates have to be constructed in the upright position, and 
that 'this constitutes a difficulty in case of replacing, and a greater expense, as wooden gates may 
be constructed in the horizontal position. To this it may be answered; — 1. That the upright 
position was adopted for the second wooden gates at St. Nazaire, and that the operation of letting 
them down was perfectly suooessful ; and, 2. That if the cost of erection is greater, the saving 
resulting from the superior durability is much greater still. 

In fbe, wrought-iron lock-gates are preferable in maritime ports, unless the dimensions are to 
be very small, in which case the leaves would not be sufficiently thick to be readily accessible in 
all ports. The thickness of the iron shell near the poets should not be less than 2 ft., to be in- 
creased towards the middle as indicated by the calculation of the strains. There will always be a 
practical advantage in exaggerating, so to speak, the thickness of the leaf, provided we reduce the 
webs of the horizontal diaphragms to ^^ in. or i} in., or form them of lattice, with the exception, 
of course, of the one which closes the air-chamoer. Above the chamber the iron pltiting forming 
the skin, no longer indispensable, may be suppressed, either upon the down-stream side only, or 
upon both sides, and wooden planks substituted, placed close together, and calked on the up- 
stream side, whilst on the opposite side they woula be placed a distance apart. In such a case the 
injiiry caused by vessels coming in contact with them would be of small importance, as repairs 
might be quickly and cheaply efiected. This arrangement would effect a considerable saving, and 
would not suppress one of tne advantages pointed out, if the precaution were taken to introduce 
into the upper iron framing oblique pieces, to form trussings and bracings, in the case of the gates 
being suspended. • 

It will be advisable to exclude the employment of angle-irons less than 8 in. x 8 in. in all the 
important parts, in order to be able to use f -in. rivets ; and the wood facings of the post and shutting 
sill should oe of green-heart timber. 

Canal Zoc^.— -The following are some of the ordinary dimensions and proportions of canal locks ; — 
The mitre-sills shouldjise from 6 to 9 in. above the floor ; the versed sine of mitre-sill, from | to i 
of breadth of look ; and the clearance in depth of the recesses for the gates be ^j^ of thickness of 
gate; clearance in length, | of length of gate. Least thickness of the side walls at the top, about 
4 ft Greatest thickness at the ^mo, fixed according to the principles of the stability of walls, 
usually from i to i of ttie height Length of side walls of head-bay above gate-chamber, about i 
of breadth of lock. Large counterforts opposite hollow quoins to have stubilitv enough to withstana 
<he calculated transverse thrust of the gates. The longitudiwil thrust of the nead-gates is bone by 
the side walls of the look-chamber ; that of the tail-g^ites by the side walls of the tail-bny. To 
give the latter walls sufficient stability, the rule is to make their length as follows ; — Breadth 
of look X greatest depth of water -4- 15 ft - Versed sine of lift-wall, from t^ to ^ of breadth of 
lode. Floor of head-bay ; least thickness, from 10 in. to 14 in. Floor of look-chamber ; veised 
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sine, about ^ of breadth ; thicknefls, from iV ^ i <>f breadth, aooordmg to the nature of the 
foundation. 

• Foundations of v&riouB kinds have been sufficiently explained. It has only to be added that 
when a lock is founded on a timber platform, longitudinal pieces of timber extending along the 
whole length of the foundation are to be avoided, lest they guide streams of water along their 
sides ; that transverse trenches under the foundation, filled with hydraulic concrete, are a good 
means of preventing leakage ; and that, in porous soils, the whole space behind the lift-wall aod 
under the floor of the heed-bay ma^ be filled with a mass of concrete. 

Length of apron from 15 to 80 fl 

The dimensions of the different parts of the gates are to be computed according to the principles 
of the strength of materials. It appears that the factor of safety in many actual lock-gates is as 
low as 3 or 4. This can only be sufficient by reason of the perfect steadiness of the load. 

See Canal. Docks. Hydraulic liAOBunss. Matebials of GoNSTBUcmoir, Strength of, 

LOOK-CHAMBER. Fb., Chamhre cT^cluse ; Qmr^ Schleuaeniammer ; Span., Eaduaa, 

The enclosed space between lock-gates into which vessels enter, is the iock-chamber. 

See Dock. Locks and Lock-oates. 

LOCOMOTIVE. Fb., Locomotive ; Geb , Locomotive ; Ital., Looomotiva ; Span., Locomoiora, 

Xo combination of mechanism to transmit power has effected so complete a revolution in human 
affairs as the locomotive. The honour of claiming such an immeasurably great invention has been 
much coveted, as giving lustre not only to the particular family of the inventor, bui also to his 
nationality ; and accordingly the most plausible arguments have been used, and the utaiost 
ingenuity exercised to take the credit from its legitimate possessor. To Richard Trevithick is the 
merit of inventing the locomotive really due. He, about the year 1801, experimented with a 
working machine for locomotive purposes, acting solely by the expansive force of steam ; in 1802, 
he, in conjunction with A. Vivian, patented the invention, and in 1803 actually ran the locomotive 
in the streets of London. The locomotive was not a commercial success in Trevithick*s hands, but 
since his time it has been improved by inventors too numerous to mention, and it is now the prin- 
cipal means of land transport in use throughout the world. 

The chief parts of a modem locomotive steam-engine are ; — 

The boiler, partly filled with water for the generation of steam. 

The engine proper, by means of which the action of the pressure of the steam is changed into 
the motion of the working parts of the engine, which consists of steam-cylinder and valve gear. 

The framework, carrying boiler and engine, and consisting of frames with springs, horn- plates, 
buffors, axle-boxes, and like details, and the wheels and axles. 

These parts are common to all locomotives, which may in general be classified as express 
engines, representinj? speed ; goods engines, representing loads to be drawn ; and, further, as pas- 
senger engines, combining a moderately high speed with a considerable traction power, and used 
for mixed trains, or trains running only over short distances, between stations. 

These three classes of engines must necessarily be so cou^ructed as to carry with them sufficient 
fuel and water, to enable them to run over a certain distance without prolonged stoppages. Ex- 
press and goods engines are always provided with a separate vehicle for carrying fuel and water, 
called the tender. Ptisseuger engines are often constructed so that they are provided with water- 
tanks and coal-bunkers, thus requiring no extra tender. Engines constaucted in such a manner 
are called tank engines. 

These classes are all subject to change in the arrangement, and in this respect may be also 
generally divided into locomotives with outeide cylinders, and locomotives with ineide cylinders ; 
that is to say, locomotives in which the steam-cylinders are placed either outside the frame-plates, 
or bettoeen the frame-plates. In the former case all the axles of the locomotive are straight, the 
cranks being fixed at the extreme ends of the driving axles, or are formed by one of Uie spokes of 
the driving wheels, whilst in the latter case the cranks have to be placed between the two driving 
wheels, thus requiring cranked axlea. 

Figs. 5165 to 5198 represent the type of a complete engine and tender, in which almost all 
parts of a locomotive may be found to oe represented, and indicated by corresponding numbers. 
The figures show an express engine, as built for the Great Northern Railway from the designs of 
Patrick Storling, locomotive superintendent to that company. The following are the names of the 
various parts ; — 



The three main parts of the boiler, Fig. 5171, 
'are; — 

1. Barrel of boiler. 

2. Fire-box. 

3. Smoke-box. 

The barrel conststs of— 

4. The shell of the boiler. 

5. Heating tubes, In the present case 217 

tubes. 

6. Casing of the boil 

7. Man-hole. 

The fire-box, Fig. 5172, consists of* 

8. Inside fire-box, with 

9. Tube-plate. 

10. Outeiae fire-box. 
IL Fire-door, Fig. 5173. 
12. Ash-box. 



13. Fire-bridge. 

14. Fire-grate, with bars and cross-pieces. 

15. Roof-stays. 

16. Longitudinal staya 

The smoke-box. Figs. 5171, 5174, of— 

17. Tube-plate at smoke-box end of boiler. 

18. Smoke-box door. 

19. Smoke-box door fastening. 

20. Funnel. 

21. Shell of smoke-box. 

22. Casing of smoke-box, forming in Ito con- 

tinuations cylinder casings. 
The fittings of locomotive-boilers are, for the 
b^rel — 

23. Brackete for hand-rails, Fig. 5175. 

24. Delivery or admission valve of feed-water. 

25. Place of discharge cock. 
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For thti flre-boi, Fig. 5176 ;— 

26 BriFety-valTe wat. 

27 Levsr of Bafety-ialTe, 

38 Spring, and spring oaan, for oaretv-valvi.' 

29. Safety-vttlTB. 

30. CwJDg Tor mfety-Tolvo. 
31 Steam-whiatla. 

32. MsDcIlt for iteun-wLiatle. 

38. Regululor-lubo, Fig. 5177. 

34. Ke§fulfttor-rod. 

3G. Btufflng box, and gland of regulator. 

36. LevergorteKDlutor. 

37. Water-gongB, glass, and oocks, Fig. 5168. 
88. Steam-oocka. 

30, 6teem-o(X)k in oonneotion with 
10 6team-pipe for the adminion of steam 
into one of the bollov bund-milB, nu 
nrnuigement by meaaa of nbich Bt«iun 
U injeoted into tbe funnel of the gmoke- 
bos for tha purpoeo of promoting or 
improving the dmnght through tho 
flre-tube when the lucomotive is Htiinil- 

41. Wator-diBohargfog cock nod tube. 

42. Heat and Are proteotiug plate. 
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7. Barr^ of Bail^ 
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43. Common axle to — 

44. Le?er for opening the dry-aand box, and 

45. Leyer in connection wiUi the cylinder- 

cooks. 

46. Layers for opening ash-box. 

For the smoke-box ; — 

47. Regulator-box. 

48. Bc^lator-yalye. 

49. Steam a'1mia8i<m pipe from regulator to 

cylinder. 
AO. Exhaust-pipe from cylinder, Fig. 5183. 
51. Hand-rail. 



52. Hollow hand-rail and pipe in connection 

with 89 and 40. 
For the boiler in general ; — 

53. Injector, Fig. 5178. 

54. Water-pipe from water-tank to iigector, 

connected to 

55. Water-pipe from ii^iector to boiler. 

56. Handle and screw for regulating the ad- 

mission of water. 

57. Handle and screw for regulating the ad- 

mission of Bteam. 
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57). Valves, with handles ond screws, for ad- 
mitling steam into the injector. 
The engine proper consists of — 

58. Steam-cylinder, Fig. 5179. 

59. Bottom of steam-oylindcr. 
(>0. Top of steam-cylinder. 

61. Staffing box of steam-cylinder 

62. Gland of steam-cylinder. 

63. Admission-ports. 

64. Exhaust-ports. 

65. Steam-chest. 
6>. Valre-faoe. 

67. Steam-ohest cover. 

68. Piston. 

69. Piston-rod. 

70. Gross-head. 

71. Cross-heud pin. 

72. Piston-rod cotter. 

73. GonnecUng rod, Fig. 5180. 

74. Motion-bars. 

75. Valve. 

76. Valve-spindle. 

77. Valve-rod. 

78. Stuffing boxes for vulve-spindle. 

79. Qoide-braoket for valve-rod. 
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Figs, 5181, 5182- 

80. Link. 

81. Eccentric-rod for backward motion. 
R2. forward 



83. Backward excentor. 

84. Forward exccnter. 

85. 86. Eccentric-rings. 
87. Suspension-lever. 
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88, 89. BocklDg leven. 

90. Bavening rod. 

iJl. Oonnteiwelght forrookiDslerai'. 

92. Bleum ul^don. 

93. SIcam exhaust 
». Booking shaft. 

95. BeTeraiDglerer, with 

96. aradoated udi for reTerring 

Fnmework is formed of the fnines — 

97. 98. LongitDdinal &Bme-pInU«. 
99. Bnfier-^te at tnuting end. 

100. „ „ leading end. 

101. Buffer-beam. 

102. BnlletB. 

103. CroM fnme-pktsa. 

104. Ourt-iron blook-plates for faskif 

ing draw-pin. 

105. Dmw-pin. 

106. Flaon for skletT-aliaiiu. 

107. Foot-pUt«>. 
lOa Poot-itop*. 

Dogie— 

109. Bogie-frame. 

110. Boffie-plD. 

111. Wheel* of bogie, or leading 

wheels oT en^ne. 

112. Boffie axle-bozea. 

113. Onidea of axle-boxes. 
lU. Bearing springs of bogie-wheels. 

115. BpringhamcaH. 

116. Bogie pin-platM. 

117. Croos-staja for bogie-pin, 

118. Axles tot bogie-wbeela. 
Driving wheel and aile. Figs. 9184 to 

8186:— 

119. Driving wbed. 

120. Driving axle. 

121. Crank, cast hwether with boas 

of driving irtieel. 

122. Crank-piQ. 

123. Bearings of driving axle. 
121. Ouido-blooks of bt^rings. 

125. Adjusting block, or wedge of 

bearings. 

126. Bearing spring of driving axle. 

127. Shoe of bearing spring. 

128. Spring hameaa. 

129. Adjusting screw for wedge 12S. 

130. Hom-pbilee. 

131. Driving-wheel oorer. 

132. Cnnk-pln cover. 

I'railing wheela, Figs. 5187 to 5189; — 

13S. Tniiling wheels. 

134. Trailing axles. 

135. Bearing for trsilinjr axle. 

136. Qaide-plutes roc bearings. 

137. Ppinil springs for trailiDg end of engine. 
. 136. Fnune for oarrTing BpitiJ springs. 

139. Hom-platce for trailing axle. 
The engine baa in addition ;— 

140. Clover for protecting stand of driver. 
HI. Awnings or eye-glnses for drivers. 

142. Hand-rail Suteoings. 

143. Upright hsnd-rsil. 

144. Angle-iions, and braokete for carrjing 

foot-plates. 
145 Bod for opening sand-box valve in con- 
nection with 44. 

146. 8and-box V'llve. 

147. Sand-box pipe- 
US. Pand-box. 

149. Bod and lever for opening cylinder-cocks 
in connection with 45. 




Brbnttg Whta Sa 




HxdUng Whaia. 



150. Cylinder-oooks. 

151. Fin for oonpling ohnin. 

152. Plate on top of frame at bogie, or leading 

end of engine. 

153. Gniird-railB. 

154. Coven for bogie or leading wheels of 

engine. 

155. Hangers for carrying water-pipes. 

156. Bcrew.joint for water-pipe. 

157. Cover tbr protecting luJe<dor. 

Figs. 5190 to 5193 are of the tender and iU 
fittings:— 

1. Longitnoinal Umber frames. 

2. Cross limber frames or boHbi-beanu. 
8. Upper wuter^ank. 

4. Lower water-Uink, 

3. Filling hole. 

6. Coal-bunker. 

7. BufTera 

8. Buffer between engine and tender. 

9. Dniw-Miring. 

10. Shoe or draw .spring. 

11. Draw-hook or link, 

12. Safety-chain iu conncclion with 106 of 

engine. 
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13. Licke for dmr-aprings. 

14. Draw-bu. 
19. Coupling. 
le. Wheels. 
17. Axles. 

15. Wroagbt-inm bame-platei. 

19. Aile-boiei. 

20. Gnide-blooka. 

21. Be&riDg springB. 

22. Br&ke-apindle. 

23. Brooket for brakfr«pindle. 

24. Fork tai brake-ahsft. 

25. Brake-ahaft. 

26. Bmke-roda. 

One of tlie remarkable flMto of the present 
inoreaaing tendency to resort to hearior and mo 
tli«w engiDe*, bowever, noccstdlate an increBaed 



27. ^rake-leren. 

28. Bnike-blocka 

29. Water-pipea. 
80. Stop-mlve in VHterptpea. 

31. Waler inppl; hoi. 

32. BraokeCa for oan^ng water-pipea. 

33. Pins for brake-levers. 

34. CroBs-pioeea between wrooght-iiOQ hame- 

36. Partition in water-tanks. 
86. Upright brackets in wBter-taaks. 

37. Upright hand-mil. 
I 38. Foot-Bteps. 
I 39. LAmp-iroD. 

time in oonnection with locomotive engines is the 

nore powerfal types. The greater dimensions of 

number of eilea, and hence we bear of tooomo- 
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tives having four, six, eight, and even twelve oonpled wheels. It is trae that such engines are 
to be fottnd oMefly in foreign countries whose natural peouliarities may in some measure justify 
their adoption, and that in this oountry such extreme dimensions are looked upon with disfavour. 
But though there is little probability of our adopting in its entirety the practice of other nations in 
this respect, there is a growing disposition to have recourse to engines supported upon more than 
three pairs of wheels for heavy work. In the following figures all marked dimensions are metria 

Engines with eight coupled wheels, — ^Fig. 5208 represents the ordinary type of goods engine em- 
ployed by the French Northern Railway Company on their lines having large curves. The 
remarkable features of this engine are, its long barred fire-box, on Belpaire's system ; the position 
of the trailing axle beneath the fire-box ; the fixing of the brake upon the engine instead of upon 
the tender ; and the placing of the mechanism on the outside. The frame-plates are between the 
wheels inside. The piston-rods, connecting rods, and other parts of the mechanism, are of cast 
steel. The eight axles are without a movable joint, but the end wheeb have a little lateral play 
in the grease-U>xe8. 

Fig. 5212 represents the class of goods engine in use upon the Bussian railways, and may be 
taken as an illustration of the pure Oerman type. The framing as well as the whole of the 
mechanism is outside the wheels. The cranks are upon the ends of the axles, and arranged 
according to Hall's system. The frame-plates consist of two cheeks of plate iron { in. thick, having 
between them a strip of rolled iron 1\ in. in depth and 1} in. thick. The chimney is of the form 
common in America for burning wood. Among other features worthy of notice may be mentioned 
the great length of the boiler, the slide-valve on Allen's system, the wooden fioor of the platform, 
and the shelter provided for the driver, the levers of the safety-valves called Egenho£fen's, the 
counter-rod of the piston, and the special kind of Giffard's injector. The weight is distributed as 
follows; — ^Upon the leading axle 11 tons, upon the second 12 tons, upon the driving axle 13 tons, 
and upon the trailing axle 12 tons. 

Fig. 5209 is a tank engine of the Great Northern Gompany. and may be taken as a representa- 
tive m the class of eight-wheeled locomotives whicn Englisn engineers have begun to, adopt. 
The mechanism, as usual in this country, is inside ; its main features are a large fire-box, sup- 
ported in the middle by the trailing wheels and longitudinal tanks. Several of these engines have 
Deen constructed for India and Wales. In some of these latter a little play is allowed the end axles, 
to enable the engine to run smoothly over curves. 

Engines with six coupled wheels, — Fig. 5211 is a specimen of this class by the Company of the 
Southern Bailway of France. The boiler of this locomotive is of steel, 9 millimetres, or about 
0* 85 in., thick ; it contains 4 cub. metres, 880 gallons, of water, and 1980 litres, 70 cub. ft., of steam. 
The grcMAse-boxes and the guide-supports are of bronze. The cylinders are outside, and the framing 
and uie mechanism of the sUde-vidve, which is on Allen's system, are between the wheels. The 
great diameter of the latter is also a noteworthy feature. The leading wheels may be removed and 
replaced by others uncoupled, for the purpose of readily converting the engine into one suitable 
for lighter work. The weight of Uie engme is disposed as follows ;— 11 tons on the leading, 12 on 
the driving, and 11 on the tredUng wheels. 

Fig. 5194 represents a tank engine constructed at the well-known Cieusot Works, and exhibited 
in 1867 at Paris. This engine is designed for heavy goods-traffic upon short branch lines with 
sharp gradients, and is worUiy of remark as a specimen of its class, which has been lugely supplied 
from these works to Russia, Italy, Spain, and Belgium. The whole of the mechanism is outside, 
reminding one of Engerth's system. The water^tanks are upon each side of the barrel of the 
boiler. It is said that this engine is capable of drawing a useful load of 700 tons upon a level 
way. 

Engines with four coupled wheels. — ^This class of locomotive is by fiff the mobt important, and the 
distinctive features of its numerous varieties will require a more detailed enumeration than those 
to which we have already called attention. Fig. 5195 represents a locomotive of this kind con- 
structed by Kitson, of Leeds, for one of the Indiim lines. The mechanism, as usual, is inside, and 
the various parts are of wrought iron, with the exception of the piston-rod, which is of steeL The 
framing is double ; the inner plates serve for the coupled wheels, and the outer for the pair of f^ 
wheels. The thidmejgs of the inner plates is 1 in., that of the outer plates | in. The journals of the 
coupled axles are 6 in. in diameter, and 9 in. in length, and rest in gun-metal bearings. The leading 
wheels have a lateral play of 1 in., and the jourxials have inclined bearings on Cortazzi's system. 
The suspension springs are calculated for a defiection of ^ in. to the ton. Only those of the driving 
wheels may be regulated at pleasure. The weight is aistribnted as follows;— 9 tons upon the 
leading wheels, and 19 equally divided u|>on the coupled wheels. The s^ial appliances adapted 
to this engine are a smoke-consumer, consisting of a brick arch in the middle of the fire-box, and 
a defiector to make the air entering through the doorway pass under the arch ; a Becker's anti- 
incrustator; Naylor's safety-valves; and a cjrlindrioal spark-catcher placed in the smoke-box. 
The smoke and fire boxes aro fixed with angle-iron to the oarroL The boiler is fed by two small 
Giffard's injectors fixed upon the footboard. 

Fig. 5200 is an express locomotive of the Great Northern Bailway, constructed by Fowler, of 



cylind< 

is 24 in. There are 1000 h. of heating surface, 112 ft of which is contained in the fire-box ; this 
latter has 19 ft. of grating. This engine is said to be capable of drawing twenty carriages over a 
line whero the gradients are light at a speed of 60 miles an hour. 

Fig. 5216 represents an engine by Borsig, of Berlin. It is a passenger engine, and possesses all 
the German features of framing and mechanism outside, and cranks upon the ends of the axles. 
An elegant box with sli(Utig windows shelters the driver and fireman from the weather. The 
several parts of the mechanism are of cast steel, and of very small dimensions, according to Borsig's 
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The neighl upon the wbeeb is diitiibuted m follom: — Upon the leading irheeltf 12-25, 




oF plate Iron -fi, in. thick, and rontain* 715 galloDB of water, and 63 onb. ft. at steam. There are 
two eirAtlngs one above the other, the upper boini; 2 ft 4 in., and the lower Sft. Tin. from the orawn 
oT the flte-box. The trailing axle a beneath the higher grating, so th»t it is newly beneath the 
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middle of th« flre-lKiz. The tender Bcoompanying the engine ia a type of the Qenn«a tenden. It 
iH of very Urge dimenaioDs, and mounted upon sis wheels. The framing ia y^in. plate, and very 
elaborate !□ design. 

Fig. 5317, a Belgian eipreu locomotive. The main featDres of this engine ate a large flre-box 
on Belpaire's Bvatem, a double framing, and internal mwhantam of the EngliHh tjpe, inth Uteral 

Sides, llie boiler contains 660 g^ns of water, and 12i oub. (1 of Bteam. The distribation of 
9 weight is 9 tone upon the leading axle, and 21 lona, equall; dirided, npoD the middle and 
truling axlea. 



hind axle, with Its supports, was changed, and ^^^^ 

the jounials, whioh were originally inside, 

under the frwne-platet, produced in a stm^^ht line, irera bnaght to the onttdde, and the false ootar 
thLming added. The ule was also alloweil a little play by means of Bbarp's inelined plane*. 
Kitson^ system of changing the direction of tlie motion was a^pted, and a Lechatellier steani' 
Im^ applle«L Another noleworthj feature was the adoption of Thierry's system of oonanmtng. the 
amoke by an injection of steam, and introducing air through hollow stays. The boiler contains 
660 gallons of water, and 52 oub. ft of steam. The distribution of the weight is 19 tons, equally 

j,^,j_ . ,._ .„« .. j-,_, u,., J =. . ^ ti,p trailing wheels. 

v pa on angfr traffle between Charing 
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Orasi and Qrccnirlcb, on tho South Eaetern Baf1<mr, and oonatmotad (tt the OaiULcIa Worke. 
BirkeDiittd. I'tie ciigina is in this ciue leallj dUtiaot from the tender, but both an luoanted 
upon the same doulile aud rigid framing Tho raechaniam ia iDternB),BDd of the ordinary English 
type, with lateral gnidaa. The wheels are between two frame-platea, and the coupled wheels of 
the engine proper linve oil-boies both on the ontaide and the inside. The dislanoe of the driving 
ule ttoai the fire-box is I ft. S in. 
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F^g. 5199 represents a pasaengsT engine of the Baden Ridlwaj, vhich Is marked by sharp 
gradients. This locomotive was bmtt st the Oraffenstaden Works, end may be takea as a epecimeD 
of the four-wheeled engines used in Germany. The cylinders ars outHide, and the mechantBm of 
the diatribution is Ixtween the wheels. The framing is also oatside, as cualomsry in Germanv, 
aud the fiame-plates have ribs at the ends like a large I-iron. The following dimensions will be 
found intereatuig; — Volume of water in the boiler B eub, mutree = 6G0 gallons; pipes of the 
Giffani injector, 11 in. for the snotion, and If in. for the forcing; steam-ports 14 x 1} in., edndion 
14 X 2} in. ; length of connecting rod, T ft. 1 1 in. ; length of crank-pin 3j in., diameter 3} in. ; 
diameter of axle in the middle 6(.in., at the bearings 8 J in. ; length^joumal,5|in. The springs 
are 2 ft. 10) in. in Im^, and made up of II plates 8) x -^tn. The weiglit of the engine, wlien 
in running condition, li eqnallj distributed over the axles, each supporting neorlj 13 tons. 

Fig. 619tS ia an American locomotive, by Grant, of Faterson, New Jersey. In form and ooa- 
struction this engine, wbleb may be taken as a type of American locomotivea, dlffen widely from 
those in use in EmDpe. It poeaesaee a capacious fire-boi and a rowottal boiler, tbe plates of whioh 
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are -f^ in. thick. The fore part of the engine is supported upon a four-wheeled track or hoaie, and 
there are four coupled wheels. These wheels are of cast iron, with ties of Krupp*s steel. The 
framing is inside, and very unlike anything of the kind now used in Europe, being similar to the 
framings constructed by Bury at the introduction of railways. The whole of the mechanism is 
outside, and similar in character to that of European locomotives. The boiler is fed by long and 
direct-stroke pumps, and not by Giffard's injectors. About 7} tons of the weight is carried by the 
bogie, and about 20 tons equally divided by the coupled wheels. A large lamp is carried on the 
fore part of the engine, and over the boiler a bell is hung, which is rung on approaching stations. 
The sand-box is of the form of a dome, similar and symmetrical to the strnm-tesenroir pliMed above 
the fire-box. The fore part of the engine is provided with a cow-catcher, as usual in America. 
The tender is of very large dimensions, and is carried upon eight wheels, grouped in two trucks or 
bogies. A good deal of decorative art is expended upon American locomotives. The one repre- 
sented in the figure has the whole ef its body or barrel covered with a coating of highly-polished 
German silver. 

Kngines vjith uncoupled wheeU, — ^It is the opinion of many engineers that locomotives provided with 
a single pair of driving wheels, the adhesive power of which can rarely exceed 2 tons, must sooner 
or later disappetur altogether from active service, by reason of the continual increase of the weight 
of traint). This fact appears certain, if we except fast trains, the weight of which can never, without 
great risk, exceed 100 tons. Even with this load the train is almost ungovernable at a speed of 
50 miles an hour, if it is necessary to pull it up suddenly. The coupling of wheels of large diameter 
is also attended with several practical difficulties, and we think that the express locomotive proper, 
with its single pair of driving wheels, will continue to hold its ground, demanding only improve- 
ments in those arrangements which give it stability. As types of this kind of engine we have 
selected three recent examples, which, as they were exhibited at Paris in 1867, may be taken as 
among the best of their class. 

Fig. 5213 is from Stephenson, of Newcastle, and was built for service in Egjpt. There is no 
novelty in this engine ; the design and dimensions are those of the locomotives of fifteen years ago, 
and did the framing and boiler not evince a recent construction, it might be taken as an example 
of an engine that hod seen long service. This fact shows that little advance has been made during 
the last few years either in the design or the execution of this class of engine. The mechanism is 
internal, and of Uie pure English type, with double lateral guides, the whole constructed to work 
easily. The frame-plates are double, one outside, the other between the wheels, stays being inserted 
wherever possible. The driving wheels have on ^eaoh side a double grease-box of bronze, and a 
double suspension spring ; all the springs are capable of being regulated at pleasure. The barrel 
of the boiler is formed of three cylinders, held together by hoops on the outside, and rolled circu- 
larly, like certain kinds of tire for railway wheels. The construction, without longitudinal riveting, 
was rendered simple by the introduction of the rolling mill, a system that is carriM out at Lowmoor. 
The rivets used in Stephenson's engine have hemispherical heads, and all the rivetings are double. 
The boiler is fed by long, direct-stroke pumps, on the old system, instead of Gifiard's injectors. It 
contains 556 ^Uons of water, and 50 cub. ft. ef steam, inclusive of the contents of the dome. 

Fig. 5207 is one of the Lilleshall Gompanjr's locomotives specially designed for service in India. 
It is a very pretty specimen of its kind, and is another good illustration of the pure English type. 
The mechanism is internal, with double lateral guides for the cross-heads of the pistons, but the 
cylinders have a slight upward inclination. The framing is double ; the inner plates carry the 
oil-boxes of the driving axle, the outer hold the end uncoupled wheels, as shown in the figure. 
The springs are all independent, and only those of the driving wheels are capable of being tightened 
at pleasure. The axles and the tires of the wheels are of steel. The slide-valve is of uie straight 
form known as Allen's. The fire-box contains a brick arched roof, and an air defiector, to consume 
the smoke. The boiler is provided with self-acting lubrificators, and with safety-valves on Bams- 
bottom's system, and the general type of the engine is in accordance with that engineer's ideas. 
There is a complete plate-iron box over the foot-plate, to protiact the driver. 

Fig. 5210 is an express locomotive of the Great Eastern Bailway, and^was built at Greusot, in 
France, from J. Sinclair's designs. The framing is double, the outer plute carries the small end 
wheels, and the inner embraces the cbnving wheels. The cylinders are outside the wheels, and 
between the two frame-plates, and have an mclination of -^ The tender accompanying this engine 
is supported upon six wheels ; it contains 8} tons of water and 2} tons of coal, and its weight, when 
in running condition, is about 24 tons. 

Fowr-cuUnder Z^oeomo^'Ms.— Though these engines difier from each other somewhat in design, they 
must all be regarded as essentially two distinct engines, sufmorted upon two united but distinct 
framings, the latter, however, partaking more of the nature of an independent truck or bogie. The 
former of these, which contains the boiler, may be called the engine proper, and the latter the 
tender-engine. Each ^pe differs from the others in the mode of oommunicating the steam, and in 
the special purpose to be effected. But in every case the addition of the mechanism to the tender 
is designed to furnish promptly an auxiliary motor, the use of which may be intermittent and 
occasional, as, for instance, to make up lost time, or to ascend a sharp gradioit. To give a correct 
notion of the development of this kina of locomotive, we must descrioe the systems of Yerpilleux, 
Cemuschi, Flachat, and Sturrock. 

Fig. 5202 represents one of Yerpilleux's engines which were in use upon sharp gradients some 
years ago. Yerpilleux first introduced his engine in 1842. The two trucks rest each upon four 
coupled wheels, and the mechanism is external as in the small locomotives of that date. To 
increase the boiler power of the engine proper, a reservoir in the form of a half-cylindrical box was 
placed upon the barrel, which appliance was, however, found not to possess sufficient solidity, as 
the train stopped four times during the ascent of the gradient, as sufficient quantity of steam 
accumulated to keep up the speed of the eneine. The steam was conducted from the boiler to th^ 
cylinders of the tender through pipes over the head of the driver. We do not remember how the 
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steam was dlncharged from the cylinders of the tender, but we think it was allowed to escape 
directly into the air through a single yertical tube. Yerpilleux's locomotive had cast-iron wheels 
with wrought-lron tires. The framing was of wood. The form of the boiler wiis cylindrical, and 
it contain^ a fire-box of the same form. 

Fig. 5197 represents a system suggested by Gernuschi which never got beyond the state of a 
project, though it made oonsidurable stir in its day. Here again, as in Yerpilleux's first plan, the 
steam is brought from the boiler into a couple of auxiliary cylinders in the tender. But besides 
this, Gernuschi wished to utilize the adhesion of the trucks or carriages of the whole train. If 
needful, by tmnsmittihg the motive power to them by means of gearing. Cemuschi's system is 
worthy of careful consideration. To convey the steam from the boiler to the cylinders of the 
tender, he employs a number of small tubes which, being arranged spirally, yield readily to 
inflection. The mechanism is external both upon the engine and the tender; the boiler is of great 
power, having a large number of tubes in a long barrel, me diameter of which is 4 ft. 1 1 in., and a 
very capacious fire-box supported in the middle by one of the pairs of wheels as in the most recent 
models of engines, a fiust of this date, 1856, worthy of attention. 

At about the same time Flachat proposed for ihe Alpine railway a locomotive in which, not only 
the tender, but several of the carriuges of the train might occasionally be rendered motors, by the 
addition of cylinders supplied with steam from the very powerful boiler of the engine proper. The 
project was, however, never carried out. 

Fig. 5214 represents Sturrock's engine. This eminent engineer of the Great Northern 
Bail way took out a patent in France in 1864, reproducing his English patent, and several goods 
engines underwent alterations under his direction at the works. at Doncaster. The tender in this 
ease received a motion precisely similar to that of the engine, the exhaust being turned into a 
tubular condenser in the water-tank. The only essential change effected in tlie engine itself was 
the lengthening of the fire-box, and the addition of a special steam intake. The main features of 
this locomotive are ; — ^The cylindera are inside, and tiie valve gear is also inside between the 
cylinders. The framings are fixed and double, one outside and the other inside, in accordance with 
Gooche 8 original plan, generally adopted by Sturrock. The tender has a single framing which is 
outside the wheels. The mechanism is internal, but horizontal. The whole is heavy as usual on 
the Great Northern Bailway. Tlie essential features of Stiirrock's engine are, the conveyance of 
steam to the tender through a long pipe yielding readily to fieotiou by reason of its length of 
upwards of 22 ft., and the steam exhaust, which is effected in a real tubular condenser placed in 
the water-tank, a is the conduit through which the steam is taken ; 6 and d, two chambers, between 
which is a double row of condensing tubes, 15 in number. Theuncondensed steam escapes into the 
air through the pipe upon the chamber d. The end of this pipe is provided with a cylindrical 
cover, of larger diameter than the pipe, and perforated on the top .9, to prevent the water from being 
ejected with the steam and to cause it to fall back into the tank. The water produced by con- 
densation in the tubes appears to have no oUier outlet There are said to be a large number of 
these engines in use upon the Great Northern Bailway, where they are employed to draw heavy 
trains up the mdients without any reduction of speed. 

Fig. 5218, Fairlie's engine with steam-tender. This variety of locomotive is the counterpart 
of Sturrock's. It is characterized by a particular arrangement of the mechanism, the large bexrel 
of the boiler and the grouping of the wheels on two bogies to enable the engine to get round sharp 
curves. For the same reason neither the boiler nor the water-tank of the tender is fixed to 
the fhuning in the usual way. These framings, vrith the mechanism they carry and the wheels, 
are arranged as bogies susceptible of lateral displacement on curves, and the boiler and the water- 
tank are mounted so as to give a little lateral play to the framing beneath. The other features of 
the Fairlie type are the long boiler tubes, 13 ft. 5 in. ; a vertical water-space in the middle of the 
fire-box ; outside cylinders slightly inclined, and inside valve mechanism ; single framings, and 
suspension springs underneath the axles. Steam is conveyed to the tender by a short kneed tube 
starting from the fore part of the fire-box. The exhaust is, as usual, turned into the chimney 
through a long pipe passing beneath the boiler, and yiAding to infiection by reason of its length, 
like Bturrock*8 steam-pipe. 

Fig. 5206 is an engine of the Great Central Bailway of Belgium, built at the company's works 
at Louvain acoording to the designs of Maurice Urban, the chief engineer. This engine, which 
is called VerpUleux's in acknowledgment of the French invention, is capable of drawing trains of 
245 tons weight, exclusive of the engine, at a speed of 12 miles an' hour upon a line where the 
curves have a radius of only 1640 ft., and the gradients are from one in a hundred to one in sixty, 
over a distance of 17 miles. By reason of its powerful boiler, it is capable of working con- 
tinuously with its four cylinders. The following are its principal features ; — A long furnace on 
Belpairo's system with a roof fixed by means of stays instead of ue usual armatures ; an inclined 
grating with very small bars for the purpose of burning small coal ; the fire-box rests upon the 
middle of the trailing axle, and like the furnace widens out forwards. The chimney is of the form 
of an inverted cone ; a barrel nearly filled with tubes, and surmounted, as in Verpi]leux*s engine, 
with a cylindrical reservoir. The driving mechanism is inside, the framing single and ontside the 
wheels. The springs are beneath the axles, with balunce-rods from the leading to the driving 
wheels. The tender has six wheels and a framing similar to that of the engine. Steam is conveyed 
througi) a pipe passing beneath the boiler, and jointed at its two ends by tlie mechanism shown in 
Fig. 5205. On the side of the engine M, the pipe 00 works with a steam-tight joint in a stuffing 
box, in three vulcanized india-rubber rings a a a. On the side of the tender T, the pipe is provided 
with a collar working between two similar rings gg, 'i he exhaust steam from the cylinders of the 
tender is conveyed ceneath the water* tank by two pipes ss into a common box ar. from which a 
pipe 2 leads to Uie open air. The following dimensions are worthy of notice : — Inclined grating, 
7 ft. 5 in. X 8 ft. 5 in. Volume of steam-reservoir, 45*5 cub. ft. Diameter of the journal of the 
driving axle, 10} in. Distance of the cylinders apart, in the engine 2 ft. 2| in., in the tender 
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2 ft. 4) in. Length of the oonneoting iod8» in the engine 5 ft. 9| in., in the tender 8 ft. 11) in. 
Diameter of piston-rod, 2^ in. 

The Eastern Railway of France possess engines constructed at the Graffenstaden Works from 
designs furnished by their chief engineer Vmlleminf who has followed out Sturrock's system. 
Fig. 5^>4 represents one of these engines, which are intended for service upon certain sections of 
C the line ezoeptionallr distinguished 1^ rising and falling gradients. The inside mechanism is 

^ arranged neany in the same way as Sturrock's, with a single framing outside the wheels, and 

coupling cranks upon the ends of the axles. The wheels of the tender are a little smaller than 
those of the engine. The boiler is a very powerful one, with inclined grating, short tubes, and a 
la^e heating surface direct from the fire-box. The latter is supported near the middle by the 
trailing wheels, and is provided with two doors and a water-space descending freely from the roOf. 
Steam is conveyed to the cylinders of the engine through a long, free, kneed pipe, as in Sturrock's 
system. But the exhaust is effected through a pipe communicating directly with the open air. 
The boiler is of steel plate, and the various pieces of the mechanism aro of cast steel. One of 
these locomotives is capable, with the assistance of the tender, of easily dragging 575 tond gross 
at a speed of 16 miles an hour up a gradient of ^, sometimes with curves. The distribution of the 
weight of the engine over the wheels is such as to give it remarkable stability. 

If now we compare the seven preceding types, we shall find that, with a common principle, each 
differs in the arrangement of the mechanism. 

1. VerpiUeaz, Cemusohi, and Fairlie have outside mechanisms Sturrock, Urban, and the 
Eastern CJompany prefer inside mechanism, but with a framing outside the wheels, ana coupling 
cranks upon the ends of the axles. 

2. With the exception of Verpillenx, who used only four wheels, with a fixed distance 5 ft. 1\ in. 
apart, all the other tvpes have six wheels, excepting Fairlie's tender, which has only four wheels. 

3. Sturrock and tiie Eastern Company have assigned to the tender wheels a little smaller than 
those of the engine. 

4. In all the systems the capability of the boiler has been increased, with the exception of 
Urban's, with a view to fumisn steam to the tender for short periods only. YerpiUeux . and 
Urban have enlarged the steam-space. 

5. Each system has its own mode of conveying the steam to and from the cylinders. Sturrock 
. has a long pipe, flexible of itself, and exhausts in a tubular condenser. Fairlie has a short kneed 

pipe, and exhausts in the chimney through a long pipe, like Sturrock's conveying pipe. The 
Eastern Company have borrowed Sturrock's pipe, but tnef exhaust directly into the open air 
without condensation. Urban has a pipe jointed with elasuo rings in a stuffing box. Cemuschi 
effects communication between engine and tender by means of spimls. 

The engines which we have described above are known as steam- tender engines ; but there are 
others employed for heavy traffic, chiefly upon Continental lines, in which the four cylinders are 
placed in the engine itself. These locomotives are, of course, very large and very heavy. We shall 
oonfine ourselves to a description of two of these, one in use upon the x^oi-them Kail way of France, 
the other constructed by James Cross, of St. Helen's, &om Fairlie's designs, for the Southern and 
Western Bailway of Queensland. The following are the fundamental chuacteristics of the French 
four-cylinder locomotive. Fig. 5198 ; — Beneath a rigid framing there are twelve wheels arranged 
in two independent groups, each having ite own driving mechanism. Upon the single and inside 
framing there is first the water-tank a, and above this the boiler 6, the snallow but long and wide 
fire-box c of which extends laterally beyond the framing and the wheels. A superheater d is placed 
above the boiler, the tubes of which superheater are 2 ft. 7} in. in length. 8 in. in outer diameter, 
and have 161 sq. ft. of surface. Then comes a second tubular chamber 0, naving the same number 
of tubes, of the same diameter, but 8 ft 7 in. in length, and having 215 s(j. ft. of surface. These are 
for the purpose of heating the feed-water, which is foreed into the boiler by pumps. A small 
Oiffard's inieotor is provided in addition to these pumps, to work while stand&g stiU. In conse- 
auence of the great height of the engine, the chimney has to be placed horizontally, as shown in the 
fignre. Experimento have shown that with the steam-blast the chimney draws as well in this as in 
the vertical position. It will be remarked that the whole of the mechanism is outoide. and that 
the two groups of wheels with their separate mechanism are quite independent of each other. The 
fore and after axles of each group are susceptible of a little end play to eoable such a great length 
of coupled wheels to get round curves. 

Faulie's engine is represented in Fig. 5215. Its main features are a rectangular fire-box placed 
between two symmetrical barrels, having altogether a length of 87 ft. 8 in., including the smoke- 
boxes, which boxes are surmounted by a common chinmey provided with a spark-catoher, wheels 
and oriving mechanism forming two independent groups on each side of the fire-boxes. These 
groups, with their framing, form a kind of oogie, and pipes capable of side inflections for conveying 
steam to the cylinders, and from the cylinders to the chimney. 

See Adhesion. Boilbbs. Bbaxb. Details or Engines. Dtnauometeb Cab. 

Works tm the Locomotive Engine ;'-'Wood (N.X 'Practical Treatise on Riulroads,' 8vo, 1838. 
Pambour (F. 11 Q. de), * Treatise on Locomotive Engines,' 8vo, 1840. Tredgold (T.), * Ou the 
Locomotive Ennne,' 4to, 1850. Clark (D. K.X ' Railway Machinery/ 2 vols, folio, 1855. Clark 
and Colbum, 'Iteoent Practice in the Locomotive Engine,' folio, 1859. FlacUat, Petit et Le 
Chatolier, * Machines Loeomotives,' 8vo, 1859-65. Clark (D. E.), * Railway Locomotives/ 2 vols, 
folio. 1860. Schepp (C), *Die Haupttheile der Locomotiv— Dampfmaschinen/ rl. 8vo and 4to, 
Heidelberg, 1869. Waldegg (E. H. von), * Handbuch fur specielle Eisenbahn-Technio, 5 vols. rl. 8vo. 
Leipiiff, 1870-71. Colbum (Z.), ' Locomotive EngiuQeri^g/ 2 vols, folio, 1871. ' Life of Richard 
Trovithick, with an account of his Inventio'^ ^' \.^cw Trevithick, 2 vols. 8vo, 1872. * Pooket- 
Book of Useful Rules and FormulcB^^r^ ^i^i^uieers/ G. L. Molesworth, 17th edition, 1873. Weissen- 
bom (O.), 'American Locomr^^ Engineering and Railway Mechanism,' atlas, fol.. New York, 1873. 
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LUG. Fb., Oreille^ Taueau; Qsa, Kronen Angussform; Ital., Orreochio; Spas., ITcdare, 

A lug in mfMchinery is any projecting piece to communicate motion ; espeotaUy a short flange 
by or to which something is fastened. A projecting piece upon a fonndei^'s flask or moold is also 
called a Ing. 

MACHINE. Fb., Machine; Gbb., Mcachine; Ital., Macchina; Span., Mdquina. 

In general any body or assemblage of bodies nsed to transmit and modify force and motion, as 
a lever or a pnllev, is a machine ; but the word is applied specially to a constmotion more or less 
complete, consisting of a combination of moving pcurts or simple mechanical elements, as wheels or 
cams, with their supports and connecting framework, calculated to receive force and motion from 
a prime-mover or from another machine, and transmit, modify, and apply them to the production 
of some desired mechanical effect or work. The term machine is most commonly applied to such 
pieces of mechanism as are used in the industrial arts for mechanically shaping, oressing, and 
oombinmg materials for various purposes, as in the manufacture of cloth, and so on. 

When the effect is chemical or other than mechanical, the ooatrivanoe is usually denominated 
an apparatus, not a machine, as a bleaching apparatus. 

Many large, powerful, or specially important pieces of mechanism are called engines, aa a 
steam-engine, a fire-engine. Unfortunately, however, there is no well-settled distinction between 
the terms engine and machine among practical men. 

MACmNE TOOLS. 

Those machines used in the finishing and fitting of machinery, after the more important 
operations of either forging or casting the rough material have been effected, are odieotively 
designated as machine tools. 

The objects machine tools are designed to effect are the cutting or grinding away of surplus 
material so as to produce true dimensions ; removing the excess that has to be left in casting or 
forging, in consequence of the expanded condition of the material, or for other reasons that 
prevent accuracy \ and in certain cases spinning the material into shape by contact with plain 
revolving siurfaoes, each of these operations being essentially aided by the ease with which the 
material operated upon can be moved to, in, or from the machine. 

Although machine tools form an essential portion of the equipment in any machine shop, the 
circumstances under which they have to be designed are so various aa to prevent the adoption, of 
but verv few standard tools, and the complex nature of their action is indicated by the diversity 
shown in their construction. 

In most examples of machine tools the relative motion of the tools and the work or material 
operated upon resulto from three component motions usually at right angles to each other, or of 
two out of mose three ; they are the cutting motion, the traversing or transverse feed-motien, and the 
advancing feed-motion, the first two taking place parallel to the face of the work, and the third in 
a direction normal to it. The cutting motion is the mo^t rapid of the three, being that by which 
the tool acts on the face of the work, leaving a narrow strip or band from which a portion of the 
material has been pared or scraped away. In many instances the cutting portion is effected by a 
motion of the work, the tool remaining fixed, and such is particularly the case in turning and 
screw-catting lathes, and in many planing machines. There are other operations in which the cut 
is made by a motion of the tool, such are drilling, boring, shaping, and slotting. The speed of 
cutting tools is limited by the heat produced by their action, and this heat must never be so great 
as to affect the temper ot the steel. Hence it is lees, the harder the material of the work. White 
cast iron is usually cut at a speed of about 5 ft. a minute, steel and grey cast iron 10 to 20 ft, 
wrought iron 18 to 25 ft., brass 50 to 100 ft., and wood from 3000 to 10,000 ft. a minute. The 
transverse feed-motion takes place parallel io the &ce of the work and at right angles to the 
cutting motion ; it is that motion by which the tool is made to shift its position relatively to the 
work, so as to make a series of parallel outs, side by side, leaving a series of parallel strips or 
bands, which compose a surface of any required extent. This motion is sometimes continuous 
and sometimes intermittent. The rate at which the traversing motion takes place in paring a 
continuous surface depends on the breadth of the cut, which in iron ranges from *1 to *01 in. In 
screw-cutting the traverse at each revolution is equal to the pitch of the screw. The advancing 
feed-motion is that by which, after a certain depth of material has been cut away from the face of 
the work, the tool is advanced to out away an additional depth. This is very frequently an 
'intermittent motion, and in turning and planing machines it is usually an adjustment made from 
time to time by hand. Its extent at each adjustment is equal to the depth of the cut, which in iron 
ranges from the smallest appreciable ouanti^ up to * 5 in. in ordinary cases. The cutting action of 
the tools may be conveniently divided into cylindrical cutting for ciroular forms, cutting in right 
lines for planes, and irregular cuttiiu^ where the forms have neither true curves nor right lines. 

Lathes, — ^The leading principle of the lathe is the rotation of material in contact with cutting 
tools. The principal parts of a machine-lathe are shown in Figs. 5219, 5220, which are of a 
standard lathe by William Muir and Go. of Manchester. J is the driving pulley; i, fturt head- 
stock ; /, reversing ^ear ; m, driver-chuck ; n, mandrel ; O. poppet-head ; g, bacK-stay and stepblook. 

a a are the standards, 6 6 the lathe-bed made truly plane and horizontal ; the top of the lathe- 
bed is oast with the flanges 1, 2, flange 1 projecting more than flange 2^ so as to aflbrd protection 
to the screw and adjustment gear. The recess between the brackets is just sufficient to allow the 
clamp of the poppet-head or movable head-stock to pass ; c, the saddle, the parts d d ot which 
project to give it bearing and prevent rocking ; e, top-slide movable on the saddle for adjustment ; 
/, the swivel or tool-slide ; thin can be turned to the angle necessary for tiie work, and for surfacing 
up to the full capacity of the lathe ; it ia flxedby means of two screw-bolts g; hh, the screw, gearing 
into a half nut and ^versing the saddle ; the nuTlS thvoopjuto and out of gear by the himdle t. 

The screw is by some machinists placed in the body nf tnTSitti _^ 

Fig. 5221 is a section of the releasing motion to the tool-6lide7m|v^222 an end view of the 
head-stock showing the reversing motion, and Fig. 5228 the mandrel wTtnTlie} bushes, cone, .and 
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iron ; from 2 to 32 threads to the inch can be cat with the usnal set of gears. All nats, screws, 
and wrenches are ease-hardened.. The carriage is heavy, and has long bearings carefully fitted to 
the slides by scraping; it is JibbBd its whole length to ontside of the bed, and has an elevating 
tool-rest and antomatio cross-feed. 

The lathe-spindle of a machine-lathe can either be fitted with chucks of difi'erent sorts ; being 
discs provided with holes, pins, and other means of holding the work, and causing it to rotate 
along with the lathe-spindle ; or with a mandrel or cylindrical continuation of the spin^e, on 
which wheelB and pulleys, and other pieces of work having eyes in their centres, can be Keyed for 
the purpose of being turned. 

A chuck in the form of a large ciroular disc is called a face-plata Some lathes have face-plates 
on both spindles ; and then the two spindles arc driven at the same speed, by means of two 
pinions on one shaft, gearing with teeth on the rims of the face-plates. 

The greatest radius of the work which can be turned in a given lathe is limited by the height 
of the axis of rotation above the bed ; and the lathe is described accoidmg to that height 

The tool-holder is adjusted so that the point or cutting part of the tool is exactly in a horizontal 
plane traversing the axis of rotation. The direction of rotation is such that the sunaoe of the work 
moves downwards at the point of the tool, which accordingly cuts upwards. 

The sorows and nuts, or the pinions and rao^ by which the fraversing motions of the tool- ~ 
holder aro produced, are driven nom the lathe-spindle through trains containing change-wheels ; 
and by means of these the velocity-ratio and directional-relation of the cutting motion and of the 
traversing motion can be adjusted so as to produce the required resultant or aggregate relative motion. 

When the word traversing is used without qualification, it generally means that the tool tra- 
verses in a direction parallel to the axis of the lathe, so as to turn a cylindrical sur&ce. When 
the tool is made to move in the direction of a radius perpendicular to the axis, it turns a plane 
surface, and the process is called surfacing. This is very often the means used of making a 
plane approximately, previous to correcting it by scraping. "Bj combining those two motions, 
so as to make the tool traverse in a straight line cutting the axis obliquely, a conical surface is 
turned. When the point of the tool is made to traverse in a cirole, one mameter of which coincides 
with the axis, a spherical surface is turned. 

AIL these operations are examples of ciroular turning in which the point of the tool describes, 
relatively to the worl^ a cirole about the axis, if the traversing motion be neglected, or a helix or 
spiral of a pitch equal to the traverse a revolution, if this component of the motion be taken into 
account. In eccentric turning, the point is made to describe, relatively to the work, paths of various 
other kinds, such as eccentric ciroles, ellipses, epicycloids, and arbitrary curves of various sorts. 
Such aggregate naths aro produced, sometimes by epicyclic trains carried by the chuck which holds 
tiie work, as in tne eccentric chuck, elliptic chuck, and geometric chuck ; sometimes by the action of 
cams or shaper^plates on the tool-holder. The operation of cutting screws is performed in a lathe ; 
tlie work rotates, and the tool-holder is made to traverse longitudinallv by means of the guide-screw. 
The nut by means of which the gnide-screw drives the saddle is a clasp-nut, which can be thrown 
into or out of gear with the guide-screw when reauired. The guide-screw is made with great care 
and precision. An ordinary value of its pitch is naif an inch. The velocity-ratio and directional- 
relation of the motions of the guide-screw and of the lathe-spindle are adjusted by means of 
change-wheels to the pitch and direction of the screw to be cui according to the principle that, 

speed of rotation of gmde-Bcrew pitch of new screw ^, ,. ^. ... , -. , •, j, - 

-■^ p — _*: — — J Of ^Q direction, right or left handed, of 

speed of rotation of lathe-spindle pitch of guide-screw 

the new screw, is similar or contrary to that of the guide-screw, according as the directions of 

rotation of the guide-screw and of the latbe-spindle are similar or contrary. 

Drilling and Boring ifocAtn^s.— Drilling, as an operation in metal cutting, difiers from any other, 
in the fact that the cutting edges support and guide themselves, during their action, and are not 
held by slides or spindles. 1%e pomt of the drill, being in advance of the edges, forms an axis 
that holds and guides the lips or wings, and enables us to drill holes, almost anywhere in a piece, 
with only a revolving spindle having a feed movement. 

' Drilhng, although it has many other objects, is mainly directed to connecting and joining 
together the parts of machinery, which constitutes a great share of what is termed fitting. We 
find drilling machines are needed in nearly the same proportion as lathes or planing machines, but 
their arrangement, although directed mainly to drilling parallel holes, at various places in the 
work, is more varied ih&a that of other machines. 

In ordinary practice they can be divided into column, or self-contained machines, radial, sus- 
pended, horizontal, and angular drilling machines. The essential parts are shown in the double 
geared drilling machine of Wm. Muir and Go., Manchester, Fig. 5226. They consist of a revolving 
spindle, with a forward feeding movement, and changes of speed to suit the various sizes of the 
holes to be drilled, and with a firm support for the material, having a vertical adjustment to and 
from the spindle, and a oompoimd adjustment horizontally. 

Fig. 5227 is of a well-designed 20-in. drilling machine, by Wm. B. Bement and Son. Philap 
delph&. The spindle is fed down by means of the tangent-wheel and worm at a, operated by the 
vertical shaft 6. The worm is disengaged from the tangent-wheel by partially turning the rod c, 
which allows the spindle to be moved rapidly up or down by means of the handle d. The power- 
feed is engaged and disengaged by the clutch e, operated through the handle /, and a rod pasaing 
centrally through the shaft 6. There are eight changes of speed, including the changes of the back- 
gearing, which is thrown in and out by the handle g. The cones are locked by a stop operated by 
the handle h passing through the shaft to the cones. The table i, and swing brackets ^ aro 
adjusted vertically by a screw set in a recess in the front of the main colmnn, and turned by a 
handle fitting on to the shaft at j\ 

The driving gearing is encased in the main frame, at m, to prevent dangeir and decrease noise. 

A powerful radial &lling machine, with self-contained driving appaiatusL made by Wm. Muir 
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and Co., is shown in Fig. 5228. It oonslflta of an upright frame, bolted to a strong base-plate, with 
a slide «, that can be raised or lowered. This slide has a radial /inn r fixed on centres, projeotmg 
horizontally &om a strong hollow 
standard, and carrying the tool or 
drill, which is driven by an ar- 
rangement known as a shifting 
train, in order that the position (3 
the drill may be shifted to various 
parts of the work. Power is trans- 
mitted from the main driver to the 
driving apparatus a, and by a belt 
to the coned pulley x. Thence by 
a mitre-pinion at the end of the 
sliaft, to which the coned pullev is 
attadied, to the vertical shaft that 
drives tbe shifting train. 

Fig. 5229 is of Sharp, Stewart, 
and Cbi's double traversing drill- 
ing machine. 

The machine rests on stands^ 
and has a bed on which two adjust- 
able tables and two traversing 
drilling head-stocks are mounted, 
with their gearing, which receives 
motion from straps, by which the 
two head-stocks are driven inde- 
pendently of each other. The 
revolving motion of the cutting 
tools is communicated from shafii 
through ranges of toothed wheels, 
variations of speed to suit different 
sorts of work being obtained by 
cone-pulleys, driven from corre- 
sponding pulleys on shafts above. 

The reciprocating and feed 
motions are communicated from 
the shafts by cone -pulleys and 
straps, thus the rate of traverse 
and feed can be adapted to various 
kinds of work. The range of re- 
ciprocation is governed by fixing 
the pins of two connecting rods in 
the required positions in slots 
formed on Uie upper surface of two 
elliptical toothed wheels, and the 
velocity of horizontal traverse of 
the head-fitocks is rendered nearly 
uniform throughout the entire 
stroke by a combination of ellip- 
tical toothed wheels with eccen- 
tric toothed whedB, Fig. 5280; the eccentric wheel making two revolutions for 
one of the elliptical wheel. 

The feed-motion is transmitted fi!om the elliptical wheels to the drill-spihdle 
by ranges of gearing, indudiiig friction-plates. The downward feed of the tools 
is made at the end of the reciprocation, at which time the head-stocks are travel- 
ling at their minimum velocity. 

To obtain great steadiness of the drills, the bosses in which the drill-spindles 
slide are made of considerable strength, and the drills are as short as the work will 
admit of; so that while drilling to any ordinanr depth the ends of the spindles do 
not protrude far below the bottoms of their sockets, and nearly the same distance is pieeerved from 
the point of support to the cutting point during the entiie process. Conical bearings, with tighten- 
ing nuts, are adopted, so as to allow for wear and tear of the parts. 

In order to ensure standard dimensions in the work corresponding to the dimensions of the 
tools, it is necessa^ for the centre lines of the cutters to be perfectly in line with the axes of the 
drill-spindles ; and to effect this adjustment accurately, the sockets m the drill-spindles should be 
made conical, and screwed at the bottoms, the drills having corresponding screws and conical fitting 
parts ; cotters also will answer the same purpose as screws to draw the drills tight up in their 
sockets. 

The drills are not of the form generally used in other machines, but have their cuttinff parts at 
the circumference only. In order to preserve uninjured the standard dimensions of work, it is in 
prsMBtice found desirable to rough out the work previously to nearly the size intended, by drills, 
which may be sharpened from time to time when necessary during the progress of the work, and 
then to finish it by standard rose bits, which will last for a great number of pieces of work without 
any perceptible alteration in their dimensions. 

If a cross traverse is required, it can be given by a aelf-aoting motion applied to the transverse 
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tioni of the kmgitndinal Lrareiae of the head-etocks and the croa tTSTene of the tables, both goinK 
cm at the Mine time. If circalat groores, or portions of them, are reqnired, thej maj be obtained 
bj the DM of self-aeting lemlfing tables, in ocnmection with the oidinsTy tables foi holding the 
work. 

The DnmeroDi ptupasea to which these m>ohin«« may be applied will readily HDneat them- 
•elvee ; for loBtance, ooe drftl may be ilotting or mrfacing, and the other drilling p1a!m holee ; or 
both may be drilling plain hole*, slotting or mrfacing, ai required. Thej have bean nsed for inch . 
work aa ontting cotter-Eiolas in locomotiTe connecting roda — both ends at the same time, cottw- 
bolea in oonnecting-rod atrapa, in pistons, piston-rods, and cross-heads ; for ontting key grooves in 
ahafti, for catting oil-cnpe and joints of motion work out of the aolid, and oil-wojs in bearing 
t»a«aee: and for various other similar purposes in oounection with locomotive engine building ana 
engineering tool-mBking, 

The great advantage oF these machines is perhape best seen in the diMcnlt and teilions operation 
of catting slots and ootter-holea, and that when once started requires so little attention that an 
<>perfttiTe with an asslstaut can with ease look after two doable machiaes. 

It is important to observe fWther, that In ooutrast with most other workshop tools, no time is 
lest during the execution of a piece of work by this machine, hat the work progrsMea witliont 
intermission bvm the commencement to the completion. 

BoriM iiqnite diflertnt Arom drilling, and might be called internal turning, the operation being 
•Imoet Identloal. Boring 1^ however, the most diCBealt to do, for the action of the tools cannot be 
watched as in tnming, being ns a rale ont of siglit ; the dimensions are more diffluult to gange, 
while cored or interior snrfaoes are both harder and more irregular than outside sarftoea. 

I«thes are the best boring machines for any work that oan be ftutened on the oarriago. 
Machines with a Sied bed are extensiTcly used, and answer well for ordinary parpoeea; but, as 
the obaraotet of the hole is dependent npon the bearinKS of the boring bar. and affected by its 
''~'~;q)niug. or ont of troth, the safest plan for aooarate noring Is to revolve the bar apon centre^ 
— i possible without other cnpports. 

In boring on machine fhunea this is looonTeulent and nnneoenary, but for piston-cylinders, 
eylindrioal toItcs^ seats, and socb purposes, this plan of b<»ing is beet. 

The tendency at this time Is to cast machine faunes in one pieoe, with oned seotioni. The 
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bearings for shafts hare to be bored in varions parts of the frame, and calls for the exercise of 
ingennity and judgment on the part of the workman in the arrangement to support and drive 
boring bars. £zperieuoe has, however, demonstrated that it is better and cheaper to cast the bearw 
ings solid in the names. A heavy solid plate placed under a strong suspended drilling spindle, 
and a bracket with level gear to change for horizontal boring, makes an outfit that will bore 
almost any hole about machine frames. 

Flanmg MacMne$, — The term planing is or may be applied to all tools with rectilinear move- 
ment, for producing i>lanes or other work performed in straight lines. 

Shaping and slotting machines belong to the same class, and with the regpilar planing machine 
rank next to lathes in their use and importance, as implements in machine manufacture. 

Machines for planing can be divided into two classes, those wherein the material is moved in 
combination with the cutting tools, and those that have only movement of the tools. In practice 
we find the rather anomalous arrangement of having the cutting movement with the tools for the 
lightest and for the heaviest classes of work, and the cutting movement given to the material for 
pieces of medium weight. There are advantages gained in either plan, the preponderance being 
for average work, in favour of moving the material on a platen beneath the tools. 

Planing machines out straight sunaoes of all kinds ; and are used especially for the cutting of 
plane surfaces to a certain degree of approximation ; that is, the longitudinal straightness of the 
surface is perfect, but the tranisverse straightness is approximate. 

The cutting action is efiected by a longitudinal motion of the table carrying the work ; the 
gearing which communicates that motion ought to be extremely smooth and accurate in its action ; 
such as the rack and helical pinion ; and the pitch-point of the rack and pinion ought to be as 
directly as possible below the cutting tool. 

During the return stroke, the tool is lifted clear of the work, and the motion of the rack and 

Sinion Ib reversed by means of self-acting reversing gear ; and the train of wheelwork which pro- 
noes the return stroke is so proportioned as to give an increased speed of motion to the tible, 
usually about double that of the cutting stroka 

llie transverse traversing motion of the tool-holder is intermittent, being made during the 
return stroke of the table. The combination which directly produces it is usually a transverse 
horizontal screw driving a nut that is fixed to the tool-holder. The bcrew is driven by a suitable 
train of wheelwork, the first wheel of which is driven by a click, usually of the reversible kind. 
The extent of traverse after each cutting stroke can be regulated by the help of adjustments of 
length of stroke, or of change-wheels. 

For cutting straight surfaces of more or less complex cross-section, and especially for cutting 
Btr light grooves and straight rectangular holes, such as key- ways and slots, the slotting machine is 
used. In this machine the tool-holder or cutter-bar usually slides vertically in a guidiog groove 
in the slide-head, which is carried by a strong overhanging frame. Below the slide-head is a table 
to which the work is secured, capable of being turned about a vertical axis, and traversed horizon- 
tally in two rectangular directions, so as to bring the work into any required position relatively to 
the cutting tool. 

Fig. 5231 is an end elevation of a planing machine by William Muir and Co. of Manchester. 
The top has angular surfaces, forming a slide for the reception of the table, which is also cast in 
one piece, is very strong, and is perforated on the top with flanged slots for facilitating the fasten- 
ing of the work to be planed. Underneath the bed is fitted a strong rack, gearing into a flanged 
pinion, on the shaft with which is keyed a spur-wheel, on the same shaft upon which is placed the 
driving pulley. This gives the quick return motion to the table. 

There are uprights, bolted to the projections cast on the bed for their reception, the vertical 
Uuoes of which are planed and squared for setting the work. Each is fltted with elevating screws 
and bevel-gearing, and coupled by the cross shaft, thus ensuring that the cross slide shall be 
always square with the top of the table. The cross slide is fitted with the feed-screws and feed- 
shaft, geait-d together at the ends. In this machine there are two saddles on the cross slide, each 
carrying a swivelling slide. Each of those slides carries a vertical slide, which can either be 
adjusted independently, or coupled together, for a self-acting downward or bevel cut ; on the face 
of each vertical slide is bolted an angling plate, for dearins^ the tool of the work, and on this latter 
is hinged the tool-carrier, fitted with wrought-iron tool-holders and pinching screws. 

Figs. 5232, 5233, and 5236 are of a planing machine, designed by Wm. Sellers, of Philadelphia, 
and nuide in England by Sharp, Stewart, and Co. Sellers has, in this machine, greatly simplified the 
construction of metal planing macliines ; he has provided a more thorough system of bracing for 
the bed between the uprights : imparted a smooth and uniform motion to the table upon which is 
placed the metal to be planed ; placed the pulley-shaft so that its axis may be parallel with the 
line of motion of the table, thus enubling these machines to be placed parallel to lathes, and per- 
mitting a better arrangement of workshops ; imparted a feed-motion to the cutting tool, by positive 
gearing and not by uiction, thereby rendering its movement more certain ; operated the feed- 
gearing from the driving gear of the machine and giving the cutting iool its feed either before it 
commences its cut or after it has finished the same, which cannot be done when the feed is operated 
from the table ; and operated the belt-shifter in such a manner that the belt shall only be moved 
its own width, diminishing the wear upon it, and decreasing the width and weight of the driving 
pulleys. 

Sellers furnishes the table of the machine with a rack of an ordinary construction, and operates 
this rack by a worm or screw, which enables the driving shaft to cross the bed diagonally, passing 
out in a position near enough to the iipright, which carries the slide-rest and cutting tool, to enable 
the driving belts to be within reach of the operator. 

The machine has a peculiar mode of transmitting and arresting motion by means of a ratchet 
which must be the driver, and a double pawl attached to the object to be driven, so that| while 
retained in gear with the ratcjiet, motion will be imparted to the object to be driven, until, 
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by tho InteipaaiUon of a aniteblo stop, the oontionoiu motion of the ratchet will lift tlie pawl 
ontof gear- 



Thia pftwl ia prorlded witli a mitable pnriectloD, tiitvii^ upon It a fHction-pad whloh Is always 
in oontaot with the driver, so that, when ihe motion of the drtrer is rerened, the Triction-pad 
revenee the position of the pawl, BudaiuBB»it to present Its other end to the ratchet which is thus 
enabled to more it in the opposite direotioD, nntil the pawl la again lifted out of gear by the inter- 
position of a suitable stop as before. 

A, Figs. 5232, 5236, is the >ied of the maohiae, to oppoette prcjeotloiu of which are liolted the 
nprigtito Band B',carr]iiig the slide 0. The top of the bed A Is provided with V-shaped giooTes 
extending its entire length, in which slides the table D. it being provided with downward project- 
Ing ribs a a, of corresponding l>ere1 to the V grooves. To the nnder side of the table and central 
b^esn the slides a a, and extending its entire leugtb, ii attached the tack E. Motion is com- 
mnnlcated to the table hj means of a worm upon a shaft F, ciossing the bed diagonally, in the 
manner iKet seen at Fig. 5232, which worm Q gears with the rack B. The driving sbaft F 
tevolves in bearings b and c, oast in the bed and connected by a trongh d, secvlDg as a receptacle 
for the lubricating material in wliicb the worm Q is kept oonstsjitly ronning. The end of shaft F 
in the bearing 6 receives a portion of the tbmst from the motion of the table, trader the eat against 
a step H, whilst a portion of the lesser thmst, daring the retam motion of the table, is received 
agninat the hardened oollars d' and d\ at the other end of O, d' being fastened against the end of 
hearing c and d', attached to the shaft F; the remainder and smaller portion of this thrust is 
received against the sides of the bearings b and c The shaft F is at the end opposite to the step 
H, supported in a third bearing attached to a stand I, and ontiide of this bearing it is Otted with a 
bevel-wheel J, which is driven ttoia a phiion K on the pnllev-abaft L, the latter having the nanal fost 

'ley /, and loose pullevs e and e*, transmitting alteniatefy by means of an open and crossed belt 

jQ the counter-abaft above tlie power for the reciprocating movement of the table. In Figs. S284, 
. -35, it Kill be seen that the posLtian of the teeth In the rack of the table slightly varies &oni a 
right angle to the line of motion ; this ii done to connterbalanoe the side premin wblab would 
otherwise be pradnoed apon the table by the action of ihe torew nnder the ont, 



pulley /, 
from the 
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of the bed diniotly between the posts snd the nprighta B and B' ore flrmlj braced b; • boi-shiiped 
ttmaectioii oonauting of the vertioal rlba i t, and top and bottom platea j and j. To kitb the 
ntiDOat capMit; to tbe tuBclitne, it u tstj deainible to bring the driving belts irithin reach of the 
opemtMr for oonvenieno«, and to »coonip1iBh this in the otdinair nok planer, the space between 
the uptight* ii nmaUjr occupied by the gearing, and admits of a very narrow brace, and in the 
•new pluker thii braoe oinit t« maob diminisbed in height to give room for tlio sorew, to that 
the itrengthening oF the m<i«t vital part of the machine is rendered very difBcoIt. In eddition 
to the above bnwes the be*rings b and c of the shaft F, united by meaiu of the troagh d, conueet the 
two (idea oF the bed Id moh a nuumer as effectually to abengthen It, and enaUe it to reeiBt the 
cad thnut of the ihan F. 

The mode of tiansmitting and arresting motion by means of a ratohet and pawl is applied as a 
feed-motiou for the ontting tool, the parts constituting this feed-gearing being carried upon a stand 
H, which is bolted to the front of the upright B'. The pnUey-shaft L has one of its bearing* g '- 



the double pawl B, wliioh has its point of support on a pin A, Fig. 5239, projeotiiig f^om a block I, 
the latter being Btted to a oorreapoiiding recess in the plate Q, to wliich it is fnitber aecored bj 
the rivets m m. The fiiction-pad a is altaohed to a flat arm o of the pawl B, and ooMJsfai <rf ft 
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piece or iMther riveted or othenriae seonred to the ana o on the fide next to the &wie of ths ntdliet- 
wbee] 0, with vhiob it is held in ooiitMt by the pressare of a spiral tpting p oooflned ia a reoeM 
In the blook /. At the end 
next to the epar-irheel N 
the Btaud H is formed iuto 
a. aemicirculsr shield or 
cQTer S, Pig. S240, protect- 
ing the wheel N and pinion 
H, and oaling as a safcBuard 
to the workman. A flange a 
pmjecta on the front side <h 
this cover, and embracing 
thu ciroular piece Q serTei 
at r and ^i as a doable stop 
for arresting the motioD of 
the plate Q and its shaft P 
in cUbei direct! on. 

The motion gifen to the 
spnr-wheel N b; the pinion A 
Mtetnatel? in oppomte di- 
rections is transmitted to and 
arrested in the shaft F, the 
operatian ef the device to 
this end being as follows ; — 
On refereooo to Fig. 5210 it 
will be seen thut the pawl B 
is repreeeatud as restiog 
with ill arm O against the 
stop r, and in such a position 
in regard to the mternal 
latchet-wheet as to be out of 

gear with the teeth of the *»3»- '^• 

Utter. Asaiuning now the 
ratchet-wheel to be rotated 
in the direction of the arrow, 
it will be evident that the 
biction produced b; this 
motion upon the pad n of the 
pawlIt,Fig.5211,willchange 
the poBition of the latter by 
diBwing It aronnd on its 
fulcrum in the direction in- "' 
dioated b; a second arrow, 
Fig, 5210, thus throwing thu 
pawl into gear with the first 
approaching tooth of the 
ratchet-wheel, and therebj 
transmitting the motion ot 
the latter to the shaft P and 
plate Q, to which the pawl 
u attached. 

In this manner the shaft 
P continues to be driven, 
until the pawl B apptoach- 
ine t)ie stop r' is again 
shifted to its formar position, 
and thrown out of gear by 
ooming in oontact with the 

said stop ri, and immeiliately aflec the motion of shaft Pis poaitivflly arrested by the block f coming i( 
contact with the slop r>, tlie ratchet-wheel a being free to continue ito rotary motion. As soon, how- 
ever, as the motion of the spur-wheel N is reversed, the friction of o upon the pad n throws the 
piwl It into gear, and the shaft P is moved in the o^Msite direction until arrested by the stop r, 




vibrating ami », pawl u, and ratchet-wheel f, gives the requisite movements ti .. 

slide C for feeding the cutting tool. 

Tlia device for controlling the position of the two belts which impart motion to the machine in 
opposite directions is shown in Fig. 5232, in which U TJ are the belt- shifters, supported by end 
movable around their respective centre studs x x. V ia a looth of an external, and W of an 
interani wheel, both being upon one piece Z, supported by and movable around the stud Y, the 
tooth V gearing with a corresponding space upon one bait-shifter, and the looth W with the other. 
The segments upon Z are central batween the eitrcmitiea of their movement, and Ixitb shiftera 
bearing npon their respective loose pulleys. Bupposing now Z with its segments to be pasiiDg this 

Eiition while moving in the direction of the arrow. Fig. 5232, it will be seen that the tooth W 
ving jnst oompleted the movemeiit of its ihiRera in passing ont of gear with the tame at the 
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....-___ ,i_. ,_3 _: — '- iho sLaping machine ibe ftdvantsgoB of the pinning 
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□ of the segments ig revereed. 
If DOIT the segmenU be moved in tlie opposite direoliun, the tooth V having passed out of gear with 
Its shifter last, will be in a position, tlie motion btiog reyeraed, to go into gear first, and conse- 

Suently the shifter which oomplrted iU movement la^it, will now complete ila movement flrat, and 
le tooth Y will peas out of gear with it u the tooth W goes into gear with its ohifter. The 
advantages of this arrangement are, that the pceition of engaging teeth on the segment-wheel and 
BhiftorsdeteiiDines the difference in time bctwean the movements of the two thifters; these maybe 
varied, so as to allow the belt moring off the driviug pulley to be entirely clear before the other 

Ba on. It is evident also that when the segment-teeth V an<l W have passed out of gear, the 
t^iftera U U are looked, so that no movement can bike place until the segment-wheel is moved, 
thus making the position of the shifters perfectly secure. 

The QS« ol an internal and external wheel oansea the driving and driven etitfaces, when in 
Kotion, to movB away tirna each other, making the movement easy and without stiain, which would 
not be the ease if both segments were of the same oharooter. 

Shaping Hachinei. — Shapingmachinea that have a cutt ng movement of the tool, have come into 
genem um (or short work. The greater convenience of adjusting— tlie positive stroke, and (he 
bettel bdliHes for ohnckiDg, or bistenio^ the work, present strong arguments in their favour. 

On planing maohinei the work mnst in all eaies bo fastened on tbe horizontal face of the platen, 
or to si^ile-idateB bolted to its face, but shaping machines have generally both vertical and hori- 
■onto] facflo, to whioh tbe work can be fastened: besides being usually fitted with chucks and other 

appliances which cannot be so well used on planing E-—'-- — '^'- '"— '-'- • - ' " 

crank is often convenient, and aometimea a neceiiaity, 

it slop at a certain point 

le and gives to Ihe sLaping 
machine in thia respeoL 

This nMition not only mv ea time on the bock stroke, bnt eqnoUzee the movement 

or cutting strc^ anidvi ' " * ' ' """ """ " "" '" " 

same la attained by the tl 

is also used to effect the same puipoM. 

Figs. S212, 9243; ore views 
of 12-in. stn^ shaping ni»- 
ohmea by Wm. Hnir and Co.., 
Manchester, a ie the handle ; 
b, the driving ihafl ; e, tiie 
^ving pinion gearing Into 
the ciiange-wheefs e e; //, 
bearings upon the tiama g^ 
carrying the shaft A h. Upon 
this shut is oast a diao having 
a }/ slot i, within which is 
fixed a carrier stnd adjustable 
with a V-ohaped baas not 
shown in the section. The 
stnd works In a aqnare slot, at 
right angles to tha slide-bar, 
and it gives motion to the sLde- 
bar ; 8 is a slide-bar carrying 
the tool-head; I, adjusting 
screwotthetool-liolder; u,the 
work table; m. Fig. S242, a 
movable vioe whien can be 
attached to the table either on 
the top for light work, or at the 
side fta long ^eoee of metoL 

In Wm. B. Bement and 
Bon's 14-In. travelling -he*d 
shaping nuuhine. Figs. 9244, 
624S, a is the mwn ftame of 
the machine, along the tops of 
whioh the travelliiig heiid b 
moves ; wid the aide is ai- 
nnged tor reoeiving the tables 
c and d, which have a lateral 
And veiiiaal a4jn«tanent. Tha 
taUe has a faoriiontal and 
varticKl planed sorfooe with 
T ■h>la for clamping work. 
The table d is amoged with 
ft vice tjT flifng wmk of plain 

fbrm. Theoattingbarabas a roorement nrring ftam lero tol4in., and an adJuatmint 
nieonic^ return nuvemant is (oodnoed by ^fniitworth'i acoentrlc arrangement at f. 

The driving diaft nma the length of the machine and carries a ^llned pinion whl 
the large wheel g, the pinion moving with the travelling head. 
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The anak for giving the feed is driTen by a small pinion on the end of the driving shaft. 
The feeding arraDgement is shown on the end view, and consists of a screw conne^ed by a long 
look-nut to the travelling head, which is thrown in and out by a handle not seen in the drawing. 
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I ^^^a^^^^^^.^o the stud A by a worn and tangent-wheel, to give lotair feed, for ahaouut 
work which oannot be turned in the ordinary manner m a lathe. ^^ t»u»ym^ 

The hand-wheel r gives a quick lateral 
adjnatment to the travelliog head by a rack 
and pinion. ^ 

The arrangement for holding and feeding 
the tool is of the ordinary form. 

Fig. 5246 is of a Bimilftr shaping machine, 
by Wm. Muir and Go. 

Fig. 5247 shows Sharp, Stewart, andCk>.'s 
shaping machine. 

This machine, in common with the gene- 
rality of shaping machines having a stroke 
of more than 6 in., is composed of a bed to 
which are fixed one or more adjustable tables 
for carrying the work to be operated upon ; on 
this bed slides a saddle which carries the 
tool-holder. Where the machine differs from 
the ordinary one is in the mode of giving 
the reciprocating motion to the ram carrying 
the cutting tool. 

The main shaft, which is driven from over- 
head gearing, passes at the back of the 
machine, and has keyed to but sliding on it 
a pinion which drives a large wheel made 
with step-teeth. To reduce the irregularities, 
on the disc of this wheel is a slot in which can 
be adjusted a crank-pin, so as to vary at will 
the length of the stroke. On the crank-pin 
is a block fitting and sliding in a link, which 
link oscillates at the lower extremity on a 





fixed pin acting as a centre, and is attached at the other end to the ram by a connecting rod, 
thus obtaining a reciprocating motion to the ram with a greatly accelerated return. The ram is 
made hollow, of U-slukped form, so as to allow the connecting rod to pass in the middle, and thus 
avoid tendency to side thrust 

Cku-mlinear Skfiimg Machine, by Sharp, Stewart, and Co., Fig. 5248.— The base of the machine consists 
of a bed-plate, similar to that of a lathe, at one end of whic^ is fixed the head carrying the driving 
eear, while the remainder forms a slide upon which a table supporting the wheel to be slotted can 
oe traversed. This table is double, the lower part being rectangular, and fitted to the bed of the 
machine^ and the upper part circular, furnished with worm-teeth round its oiroumference, and 
capable of revolving on the lower portion. The wheel to be slotted is bolted down to this upper 



2886 



MACHINE TOOLS. 



table by bolts passing through the boss, and a slowrevolYing motion is given to it by a worm gear* 
ing into the teeth around the circumference of the table. The cast-iron block interposed between 
the wheel and the table enables the height of the wheel to be adjusted, so that the oentre of the 
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wheel is in a line with the centre of the shaft upon which the lever working the ontting tool 
vibrates ; different blocks being used to suit the various thicknesses of wheel bmses. The blocks , 
have circular ledges formed on them, which enter the holes in the wheel bosses, and thus allow the 
wheel to be at once set, so that their centres coincide with that of the revolving table. The fixed 
head of the bed-plate carries a short shaft, to one end of which is keyed a wheel furnished with a 
orank-pin adjustable in a slot on the face of the wheel, so that the stroke given to the cutting tool can 
be varied. This crank-pin carries a brass block working in a slot in a bent lever which vu>rates on 
a short shaft also supported by the fixed head, and carries at its other end the tool-holder. The 
crank-wheel shaft revolves from left to right, the tool has tiierefore a slow downward and quick 
return motion given to it. At the outer end of the crank-wheel shaft is fixed a spur-wneel, 
furnished with a cam groove for working the feed-motion of the revolving table, and driven by a 
pinion on the counter-shaft carrying the fast and loose pulleys. 

The upper part of the tool-holder forms a short shaft passing vertically through the end of the 
vibrating lever, and furnished at its upper end with a worm-wheel. By means of a worm gearing 
into this wheel and worked by hand, the tool can be made to revolve — ^the point describing an arc 
of a small radius — and it is thus enabled to cut out the curve that occurs at the junction of the rim 
and spokes of an engine-wheel. The circular motion of the table is of course stopped while this 
operation is beixig performed. Besides being bolted down to the revolving table, the wheel which 
is being slotted is supported under its rim by two pulleys, carried by a slide, adjustable on the bed 
of the machine, to suit wheels of various sizes. The machine is compact and w^ arranged, and 
turns out excellent work. 

Wheet-cuttrng Machine. — ^A wheel-cutting machine, for shaping the teeth of wheels, may be 
regarded as a special form of the shaping machine, in some cases combined with the turning lathat 
The wheel to be cut is fixed on mandrels carried at the end of a rotating spindle, mounted on a* 
head-stock. Sometimes that spindle acts as a lathe-spindle, while the wheel is being txuned. 
When the pitching and tooth-cutting are to be begun, a large worm-wheel, permanently fixed on 
the spindle, is made to g^ear with a tangent-screw, by means of which it is successively turned 
through a series of angles, each equal to the pitch-angle ; flrs^ for the purpose of pitching the 
wbeeC or marking the pitch-points of the teeth on the pitch-circle, and then for the purpose of 
changing the position of the wneel after each tooth has been cut, preparatory to cutting the next 
tooth, 'i'he figures of the teeth are given approximately by jcasting, and finished by cutting. 

Each stroke of the cutter is goided so as to take place along a straight line. In spur-wheels 
that straight line is parallel to the axis ; in bevel-wheels it traverses the apex of the pitch-cone ; 
in skew bevel-wheels it is a generating line of the^ hyperboloidal surfaces of the teeth. When a 
•ingle cutter is used, the slide in which it works is guided into the proper positions for the suoces- 
mve strokes by a templet shaped like a tooth or like the space between two teeth. In cutting the 
teeth of spur-wheels, a rotatmg circular cutter is used ; and the form of the cutting edges of its 
teeth is the counterpart of that of the space between two teeth. 

Fig. 5249 illustrates Wm. Muir and Go.'s wheel-cutting and dividing machine, to cut spur, bevel, 
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worm, and skew wheels, either in metal or wood. It is mounted on two feet, and has a slide table 
movable along the bed by a screw so that the wheel or other object to be operated upon may be 
quickly and accurately brought in contact with the cutter— which has a vertioed and angular move- 
ment, communicated to it by a worm and wheeL There is a fixed head-stock and gearing for 
driving the cutters, and a vertical slide with full swivel indexed so as to give the correct curve and 

7 K 
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angle to cutter. The machine is farnished with a machine-oat dividing wheel for all nombers of 
^eth up to 100, and for oomposite numbers above ; it has also a division wheel and haoidle, and an 
a^juidtaole swing driving apparatus with grooved cones for driving by gut band. 

Screwing Machine, — ^In the screwing machine designed by Wm. SeUers, of Philadelphia, the 
screw-thread is cut in a single operation, and the finished bolt is released by the withdrawal of the 
dies, the machine being driven continuously in one direction, without reversing or stopping. 

Sellers' machine, as made by Sharp, Stewart, and Co., is shown in Figs. 5250 to 5255. Fig. 52r0 
is a longitudinal section through, all the working parts of the machine, and Fig. 5251 an end ele- 
vation ; Fig. 5254 a longitudinal section of the die-box, enlarged, and Fig. 5255 a front elevation 
of it, with the cover-plate removed, in order to sliow the dies. 

The dies for cutting the screw-threads are in three separate pieces AAA, Fig. 5255 ; these 
aze advanced and held in the required position for screwing the bolt by means of eooentric ribs or 
cams fixed upon the cover-plate at B B B, which work in a notch in the edge of each die. In 
working, the die-box G revolves in the direction of the arrow, being driven from the driving shaft 
D, Fig. 5250, by tiie pinion £ and spur-wheel F, and the projecting clutch 6, on the back of the 
wheel F, carries rouna with it the cam-plate H, which thus revolves at the same speed as the die- 
box C, so that the relative position of the cams and dies remain unaltered in revolving, and the diea 
are held up to the proper position for cutting the thread without alteration during working. 
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When the screwing is completed, the bolt is released by the dies bein? all simultaneously with- 
drawn by means of the cams ; this is effected by the second pinion J, Fig 5250, gearing into the 
spur-wheel E fixed on the shaft of the cam-plate H. This pmion J is a little larger in diameter 
than the driving pinion E, and runs loose on the driving shaft D during the time that the dies 
are in operation cutting a screw ; but when that is completed, the conical friction-clutch between 
the two pinions is caused to engage by pressing forward the handle L, shown dotted in Fig 5250, 
wherebv the spur-wheel E, being of a little smaller diameter than the wheel F, is made to revolve 
faster than the latter, and causes the cam-plate H'to over-run the die-box ; the dies A, Fig. 5255, 
are thus made relatively to move back along the cams, so that they are withdrawn from the finished 
bolt, which, being released, is drawn out by hand, while the machine is still driven continuously 
in the same direction, without stopping or reversing. The handle L on being released is imme- 
diatelv brought back to its orio:inal position by means of the counterbalance weight attached to it, 
thus disengaging the pinions E and J, and pressing the loose pinion J against a leather collar on 
the ttkd frame of the machine, the friction of which checks the motion of the pinion J and the spur- 
wheel E of the cam-plate, allowing the die-box C to overtake the cam-plate again ; the dies are thus 
moved ft>rwaid along the cams till they are again in their original working position, ready for cutting 
a fresh thread. . 

The adjustment of the dies to the exact position required for the size of the bolt to be cut is 
accomplished by means of a graduated index M, Fig. 5251, on the spur-wheel F, which drives the 
die-box 0. The wheel F is loose on the shaft of the die-box, and in working is clamped by set 
screws to the arm N, Figs. 5250, 5251, which is keyed on the shaft. For advancing the dies, the 
arm N is turned forward in the direction of the rotation, as shown by the arrow, carrying the dies 
forward along the cams, the latter being held stationary at the time oy holding the spur-wheel E 
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thftt i« Seed on the cam-plate tbtSt Tbs diea are tbiu advanced to the positloa for ontttDg, and 
the spm^wbeel V U then clamped seoarelj' to the arra N by the set Boren, hafing preyioualy been 
turned M that the projectiuR olatob G uo the back of the wheel F ia engsged with the wheel K 
of the own-plate. The macoine ie then ready Tor starting to work. The tutal length of the 
gradoated index oomepondB vrith the total length of the oama ; and two holes in the wheel F for 




Tot ehsnginK the dies In the die-box, the spor-rheel K li toned forward tr^ hand.-ai hr aa tt 
will more; this brlnga the dies oppoalte the openings O la the cam-plate H, Figa. 5254, 
5S55. The three fliliig earewa F are then slsolced back till their inner ends aie flnah with 
the Inside of the ooTer-nlate, when the diea can be pnahed out thnnigh tbe holes O. In palting 
In the Reah dies, each die is Inserted In turn, and poshed down ontit the notch in its edge comee 
o^qwdte the fixing screw F, which is known by a shoolder on the sorew-driTer ; and the cam-plate 
la worked baokwwd and forward by hand, b; means of the wheel K. to make sure of the die being 
properly placed with tbe notch fltUng on the earn ; the Siine screw is then set ay, which secDre* 
the die ftwn falling oot. In order to cut a full sorew-thrcad on the bolt io onoe running up, tbe 
diea are cot with a perfectly fnll thread throaghout. and of soch siie as to fit the bolt when it hu 
the thread cut oomplete upon it. Tbe topi of the die-threads are then eaeed off on tbe side where 
the bolt enters, as tn Fig. 5254, commenoing at the base of tbe thread, and terminating at the top 
of the third or fourth thread from the point of entering. Tbe thread on the boll la thtu (onnod 1^ 



a blank ifie,Fig«. 5258, 5259. which *»•" »*"■ •«*■ 

to the notch in the lap-holder. The ^ H /^U-X I P 

i is flied in the sliJing hoMer 8, p^^ O-r^Vl H 

g freely on the top edge of the \\'i [.'/I I 

IB nado vith a finger on it, to fit ^MB \>^^^^ I 

I which gives sn£Boient leTerage for ^^^^B l—J 
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n sncoeBsion of outs, each one deeper than the preceding, outil the full depth is attained. When 
tliD machine is need for tapping nuts, the cutting dies are lemoTed, and the tap-holder, Figs. 5256, 
8257, is inBerted in the hollow spindle of the die-boi, and 
secured Eroca turning b; a blank lue, Figa- 525S, 5259, which 
serveaaaakeyfittingintot' .-.-■-..■--.--. .. ■". - 
bolt or nnt to be screwed ii 
Figs. 5250, 5252, sliiling f 
framing: the handle T is u 

in a rnot on the framing, which gives sufficient IciTerage fc 
the momeDtary presaore that has to be put upon the bolt.oi 
its first contact with the cutting diee to ensure its entrance. The damps U for gripping the bolt 
or nut, shown separate in Pig. 5253, are opened or closed simaltaneously, one np and the oUier 
down, by two right-aod-left-handed sdcws geared together by the pinion V, and worked by the 
hand-wheel W. It is essential that the bolt or nnt to be screwed Ihould be truly in the aiia of the 
die-bos, which is ensnred bj Iwring the olamps ill their places in the machine, and Ihej are after- 
wards slotted to the required shape. In cutting new dies, or recutting old ones, a set of master- 
taps is used; the leading end of the ujaaler-tap ii supported in a circular timber, which slide* 
inside the bolluw spindle of the die-box. 

The dies are then pressed close npon the master-tap by means of the arm N on the spindle of 
the die-box. Fig. 525(1, and the machine ie run forward and backward, the dies ate again closed 
upon the tap, and' the prooees repeated until a foil tlirt-ed is obtained. A small stop is first in- 
serted in the clutob G between the spur-wheels F and E, so as to make them immoT&ble with 
respect to each other during the process of cutting the dies. 

In thismaebioe the necessity of setting up the dies by hand between snoceasire oats is obviated, 
as thejare set np at the first by the graduated Index of the cam-plate to theexsct diameter required 
for the finished bolt, and the screwing ia completed in onoe running the bolt np. Witb each 
machine a table is prepnred, showing the position on the index to wbicb the pointer has to be set 
for cutting bolts of the Tarions diameters within its range ; and a sliglit change in the position of 
the pointer will make the bolts slightly larger or smaller, as the case may require. When the dies 
have become worn, and have been reont,-a readjustment of tlie index readily gives the means of 
bringing them up to exactly the same diameter as previonaly, so that the size of bolt is not altered . 
by reonttiug the dies. The original a^jnsfanent of the index is made by aetual trial of the different 
diameters of bolts in the machine, the lesolts being tabulated ; and this is done again when the dies 
ate recnt. 

This screwing maohine has the ndvantage of rapidity of action, prodaoing a perfeiA sorew-Uiread 

in onoe nmning up, while the time Qsoall '" "' - . . - ........ 

drawing the dies and releasing the bolt. 

ohanglne or repairiiiK the cutting ^^^ 

dies, and does not need the applica- 
tion of a croeaed belt or reversing 
apparatus for driving it, sinoa it runs 
oontiunooHly in one direction only. 
It is of small size in proportion to 
the work it accomplishes, and is od 
a plan very convenient for the work- 
man using IL As the dies can be 
readily aajueted to an^ diameter of 
bolt for which the machine ia adapted, 
they can be worn down for a long 
time before requiring renewal. 

A screwing machine made by the 
Brown and Sharpe Hanufactnttng Co., 
Rhode Island, is shown in Fig. 5260. 

This machine is suitable for 
making, bom bar iron, alt kinds of 
BorewB and studs ordinarily used in a 
machine shop. Nuta can be drilled, 
tapped and one aide fuoed up, and 
many parts of sewing machines, ootton 
machinery, gas and steam fittings 
made on thia machine, with a great 
saving of time and labour. Biie of 
hole through spindle is 1} in. Size 
of holes in revolving head, 1^ in. 
Length that can be milled, 6 in. 
The friction-pnlleys on the oonnter- 
ahaft are 14 in. diameter, and 8} in. 
wide. Counter - shaft should run 
170 turns a minute. 

MMlng ifocAine.. — Milling, or 
slabbing machines, as tbey are sometimea called, are the most effbetive and the most speedy of all 
maohinea directed to met^ cutting. 

OperatinK with rotary sertatM cuttera. we find by applying the rule of multiplying the length 
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Fnmi tha aubetoiitUl muiner in vhicb the outttng IooIb are held •nd fpiided in milliDg 
mKhtiieB, theii edges can be much longer than in other casaa. 

The reason that we cannot KTaJl ouieelvea of milling maobinee for all kinds of work is that tha 
anrfacea have to be cflindriisl, vith a large nnmber of edge« that most be exact duplicates, and 
stand in a positive position ; the least dacangnment or wear upon one or more of the edges carries 
them below the catting plane, and throws their work upon the next, which is then almost stue 
(o break. The processes of forging, flniahing, hardenin;;. and sharpeniug milling tools are 
expensive and difScnlt, and anotliei objeotlon is Uiat the cutting edges having. necessarilj a profile 
correspouding to tha work, cannot, except for Rat siirfaoes, be used as tools for general purpiwes. 

Hilling, as a process, is apeedj and profitable on work where there is no danger of injnrj' to the 
otittera, and where the work Is a dnplicaticn of pieooa, that have the same form. In practice we 
find this carried out. For cutting clean iron or stoel, where is no danger of meeting wilh scale or 
haid spots, and when a large number of cuts of tlie same kind' are to be made, we invariably Snd 
the work done with milling tools. 

Cntting the teeth of wheels is an eiampln ; the blank is first torued onl of good, clean material, 
and the operatiou of cntting is that of making duplicate notches or spaces between the teeth. In 
IbemanuuctDreorsmall arms or of tewing machines, where theforgings are made from the cleanest 
iron or iteel, and carefully picked to remove the scale, thay are sncoeasfully and rapidly shaped by 
milling tools. 

Haehinea for milling consist of a cutter-eplndle, having a lateral adjnstment, and a movable 

■ platen to carry the work. Their mocliflcatioos are alnioet endless, being in a sense special tool^ 

and we scarcely meet with two that are ananged in the same mauner unless applied on tlie 

Fig. 52G1 is a universal milling machine made by the Brown and Bharpa Mannfartnring Oo.. 
Rhodi; Island. It has an elevating „,, 

knee upon which are arranged a 
sliding plate, a swivel-plate, and a 
sliding carriago with a revolving 
cutter-head. Thna, this machine, 
wliioh is of partioular service in 
sewing-machme making, has all 
tlie movements of a plain milling 
moobine, and the fuUowing in 
addition; — The carriage moves 
and is fad antomaticaJly.not only 
at right angles to the spindle, but 
at any angle, and can be stopped 
at any required point. On tha 
carriage, centres are arranged in 
which reamers, drills, and mills 
can be cut, either straight or 
■pint Spnr and bevelled gaus 
can also be cut. Tlie head whii'h 
holds one centre oan be raised to 
any angle, end conical blanks 
placed on an arbor in it, cnt 
straight or Bpirally, Either right 
or lut hand spirals can be cut. 

Cmcible steel being more 
homogeneous than iron, is best 
udnpted to milling processes, the 
hard pins are not met with as in 
iron, and when the cutler-heads 
can have a Bnfllcient diameter to 
allow the cutters lo be mounted 
in sooh a way as to he removed 
to sharpen them, there is no doubt 
bat a great gain cun be made, ii 



any kind o( cutting to which the 



•e applied. 

David Haiam't Flanging MaoKini, Fig. 52G2, made by Wm. Muir and Co., Manchester, is an 
eitremelv nseful tool for boiler makers. The tube to be flanced ia fixed on a powerful chnck, 
famished on its lower side with a bevel gear driven direolly from the pulley p. the flanging tools 
having been previmisly adjusted by the arrangemint shown lo the riglit of the engraving, 

Fitre. 52G3 to 5271 are views of a set of machine tools mude by Wm. B. B.roent and Bon, of Phila- 
delphia, for railway nnrposes. The oonatmction of Bement's maehinea is well worth careful atten- 
tion, and we regret that, owing to circumstances, nnr illustrations do not snfficieiitly indiciite Iho 
ingeuioas mechanism and extended applications oF theee important tnnls. 

Laxmotivt-frama Shtting Machine, Kg. 52(;3.— This mnchine is intended f.ir shaping the framing 
of locomotives tu America, where such frames are made from rectangular bars in order to eecure the 
needed strength, and yet be in a degree flexible. Tlie side rails are fastened to the table ", along 
which the cutting mechanism is traversed by means of the tack and pinion seen on the side of the 
main ^ame. 

The cutting movement correaponda to the Whitwnrth aliaplng machine, having a qnick return - 
and unifonn forward motion. In American locomotives tho bouings of Ihc axles are fitted inlo 



MAOHINi; TOOLS. 




bed is needed ; tliia is ubtained bv svinging the cutting head to the required aUKle by means of the 
ntok and piuioD seen at c. The head is provided on the siu of the Tertioal drinng anaft th«t oom- 
monicateii motion to the ontter-bar. The driving pulliyB ate SO in. diameter and 6 in. face, length 
ot stroke, 12 in. ; 24 ft. bed ; and 16) rt. between tools. 

BiU Thrtading MacJiine, Fig. 5264, intended for throiding tcrews of all kinds used in bridge- 
bnilding, railway carriage work or other nan to 2 in. diamettt. The revolving heed conlains Uie 
dies, wiiioh are closed and opened while the machine is running in one direotion by means of a 
friction-clamp operated by the lever Been on the front at 2 ; by revulving the dies a bolt or rod of 
any length can be threaded on a diort machine, and by having the dies to expand or open while 
the jnacliine is in motion no running back is neoosBary. 

The clamping frame at a is moved on the top of the frame hj metne of the winch and bevel 
gears, and a rack and pinion below. The holding oiesare closed and expanded equally &om a OMitre. 
so that no adjustment ia neode'l in changing for bolts of different sizes. 

Axle Latht, Fig. 52G5, to turn the bearings, and »heel fits on railway axica. Leagth of bed, 
II ft 
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tsobed to the cairiBm- 

The bed ia rtusea in 
fmnt ia order to aconra 
additioDKl Btrenetb, to 
»boH«ri the tooI-TeBt, 
Kud to allow the ttUTUwe 
to pasa the Bliding head : 
th>-ie beiDK but one joiot 
between the tool and 
the ladJle. 

The carrier isdouble. 



«diDBtii]g ; 
indie clam) 



dead apindle clamped 
by an improTed binder 
consiEtiiiK of », oonical 
ileeve wbioh adjuatu to 
tbe wear of the Bpindle 
uid keeps it oentral. 

The oounter-shaftB 
are famiabed with two 
■elB of tight knd loose 
pollej'e to ohange epeeda 
for roaghing and fluiah- 
ing. ^^eie ia a water- 
tank attached to the 
carriage, and tool cloeeU 
to tbe ntandards. 




Whtd Qaartgrimi IfaMne, Fig. 5266. for bortng the holea for the wriat-plns in both driven of 
ft boomottTO engine at the aame time, after they have btcn keyed to tlio aiie. The axle la mounted 
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s tumiag lathe, and the bed is 14 ft. long. The sugnlsr ttm on which 
isled are planed aoonrately to an angle of 15°, and the boiiog i^indle* 




are moTed up or down on the heads bv 
means of screws, to suit the radial leofrtb 
of the crank and the atroke of the engine. 

This ensngemant of the whole ma- 
chanism and aile mpporta on one fteme 
ensures not onlj that the orankB shall 
stand at right angles, but that the holea 
shall be bored parallel to the axle. 

The two stands aia to support the 
axle while mounting it, and to adjust it 
to the centres. The supports a a are to 
support the axleand wheels in mounting 
and remoTiDg them from the machine. 

MuUipU th-illing Machints, far THici 
Irm> or Bracts, Fig. 5267.— Track irona 
are bent before drilllQ^ to a sbape indi- 
cated bj the position of the lower end of 
the spindlM. The bed or platform C is 
raised by cams seen beneath, and feeds 
the work up to the epiodlea, so that six 
holes are bored at the same tioie and in 
the proper poeilion without laying out 

TliBBO braces were fonnerly punched, 
but their strength was found to be so 
much impaired by the operation that 
drilling had to bo resorted to. 

The feed-motion is oonnecled from 
the lop shaft by the Tertioal one seen on 
the right operating the tangent-wheel i^ 
which ia keyed to the cam-^nft e. 

Wheel Boring Machine, Fig. 5268, 
intended for boring cast-iron car- wheels, 
the only kiod used in America, a ia n 
rolming table, or face-plate, haying an 
opening below for chips, and driven by 
a beTol-^earing beneath. It is enpported 
onnBchieleh<»ring that hns a diameter 
at the top equal to half that of the 
table. 

The jaws c are mounted on sliding 
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pieoes fitted into ths faoe-pUta, uid when bftened are »U nwrad GonseontiTeW by meuia of > 
TolDta ring beneath the plate opentted b; the square shank d. The catter-bai eiaot cast iron of 
large diatneler, to aeciue rigiditr, and U fed down bj meaoa of a rack at Lhe baok and the KearinK 
seen on both Bidea of the main frame. 

The wheels am loaded and unloaded hj means of the oiane at the idd& 

Compouiid Planinj Machine for OmnecliHg-ndi, Tig. 5269.— The (able a it moved at a nnifonn 
■peed each war bj means of a sorew beneath and tbe ordinair rerening gearing seen at the end 
at 6, The tools at each end act aa the table moves baokvard and fOrwaid, which with four tool* 
aoting, quadruples the work of an ordinar; maohine nsing one tool. 

TM nprigbts with the oross-hcada are moved to any part of the main frame to snit the length 
of the pieoea to ba planed. The cutting is perfoimed alternately at each end of the pieoci two oi 
moie tool* acting at the mim time. ' 




Bydrottatic Whad Frta, FiR. 5370. ttft forcing on or off the wheels of railway cars. The frames 
a a are ocnmeoted by a strong strut b at the top, and by a oast-iron solo plate e at the bottom. The 
pnmp at if Is fitted with a compound piston, one of '75 in. diameter, fitting throngli a larger one of 
I -75 In. diameter.so that either may act at will by tiiminR the handle at e. In starting tbe piston /, 
Mid QDtU it cornea in contact with the work, the larger piston is used to secure a more rapid moTe- 
ment, and thna save time ; the larger piston is then stopped and the smaller one set in motion to 
•ecnre the required power. 

The framea a a stand in poMtioD suffleiently inclined to allow the omne g to swipg the aile A 
to a central position in the machine. To press off wheels the fnme n' Is moved to the position 
indicated by tbe slotted YiaXm A, the aile fitting into the slot at '. ThU frame a' is mounted on 
rollers, so as to bo readily changed as required for eitlier putting on or taking off wheels, 

Machau f'T Borav! Axlc-bearitigi, Fig. 5271, arroaged to bore two at one time. The bearings 
are clamped by nuans oF the screw and wrench seen nu top. Tbe snddls " Is moved by ■ screw 
beneath, driven by tbe wheel and pillion at the end. The pinion i, below, is projected and with- 
drawn into the bearing to stop nr start the feed by means of the handle in front. 

HydriHiliB Machiae Tbo/j.— Hydiaulio power can in many Ingtancca be lucoassfully and econnmi- 
cally applied for working machine tools, which must then be specially amnged. Pigi. G2T2 to 
6207 arettf various hydraulic machine tools desiencd by Ralph Hart Twedddl, which as a whole 
are the beat-planned hyilraulic tools that have aao6 under onr notice. To a oirtain extent 
bydranlio power la best suited for beavy work, and for dtiviag machine* that bsTe a rectilinear 
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able Tor eavh obm« m ihop* in 

wbich a nmnber of mull kthes 
or other toola are employed; but 
this ohjMtion dcea not apptj tu 
the coDJtnictioo of iron shipB, | 
bridgea, boUen, and dmilar da- 
aoHpt].>tu of oork. I 

As with ArmatronK'B mtem, 
n. 1968, Uia power is distribnted 
iw means of water GoDTejed 
tliroDgb pipe^ ander ptesouie 
from a Datural or artificial bead, 
to the vurioua machines (o be 
worked by it. The preamue used 
by Twoddell varies fiom 1000 lbs. 
tolTSOlba-anauTeinch: Mid as 
it is not geuerall J possible or oon- 
venient to obtain even the lowest 
of these preeBures from any nataral 
head of water, it is obtained fjon 
an artifloial head produced by 
means of a direot load or weight, 
a^inat whioh the waterlobenBM 
is pnmped, the load Ihtu producing the pitwim that 
woaldbedne to the elevation of abeadofwater. The 
aoomnalator by which this is effected consists of a 
loaded plunger or ram wDrking in a oylinder, the water 
being pnmped into the Dylindar onder tha premue of 
the load upon the ram. 

It is chiefly (or intermittent requirements, as in tha 
oase of shop tools, eapecially those of tlie heavieet cUn, 
that the aocmnolator is of advantage; and little or 
oothiug is gained by its intervention for doing any 
work of a oontlnnotiB deeeription, beoanse in that ease 
the engine would still bo reqaired to be of tha i&me 
power as is now needed for performing the greatest 
amount of work that may be wanted at one moment 
The principil gronnd upon which the use of water 
pteastirB supplied by an accumulator appeurs to be 
prefar».ble as a mi^na of distributing power is that the 
Bocnmululor ceases to draw upon the engine when there 
IB no useful work to be done, and thus saves fuel and 
power, together with the wear and tear that take place 
whra an ^gine i* always dnving the geaiing and 
Bhnftmg, although the machinery driven may not be 

The form of aooamulator flsod by TweddolU Pig. 
5272, eiiaures a Btiffoeas of spindle not otherwise to be 
obtained, and mves a compact arrangement for cases 
where bu small a Quantity of water is required as for 
supplying, say, only a single riveting machine. The 
ram or spindle B of the aooamulator is here flied, and 
acts as a gnide, while the cylinder slides upon it, and 
U lolled with the weight necessary for giving the 
reqmrod pressure to the water. This plan of aceumn- 
Utor, although not new. posBBBBes several good features. 
The water is pnmped in at the bottom at C, and fills 
up the annular space surroundinif the spindle; and 
(he whole weight hag to be lifted by the water acting 
only on tha shoulder of tha spimile, which ia made b? 
a brass bush 1 in. thick all ronnd the spindle. A coni- 
pact arrangement ia thus obtiunad. and any required 
cubic capacity can be had by lengthening the rtr..ke. 
i ha aocnmnlator is snppliod by two pumps, each II in 
diametar and S} in. stroke, mnning at about 100 (o laO 
revolutions a minute. When the loaded cylinder B = 
reaches the top of its Btroke, it is made to close the 
suction-cookof the pumps, thus stopping the supply 

leather at the bottom, the weighted cvlindar U letdown 

S^t^e K'^';;1V^P ■ "^ «"«™'5 ^« leather, the^b^.te. b,.ldi„. 5.- t„„ ^ 




snowing the top4eathor, the bnuket holding the top end 
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Vig. G273 ia k half'tlie motiaa of the iMther Dollar A A wed fet tbe tiocmnaMta, a 
bydranlio nuichiDeB worked b; it ; the collar is secured b; the Klaod B witbin Uie tec 
faydranlic cylinder C, a ttuokaeas of hemp bedding Dbejn^ placed between 

d tempi* 



the ram oi ipindle F, a braaa gaard-riiiK I ii added ontaide to [Otitect the ' 
leather. The frictir.Q of the paokine leathers and their wear aiid tear are 
a fieqnsQt tanse of hedtation in adopting hTdianlio machinery ; bot bj 
UBiDg really good leather, and carefidly moiuding and fixing the coUan 
in Ibelr places, and by EiriDg proper attention to tbe wearing BDrfaoei, 
and covering tbem witii brass or goa-metal, as shown at I, more eepeoially 
Id those cases where the leathers themselves move, there is little tronble 
with the pBckioic leathen. If tbe sorface on which the leathern work is 
allowed to gut dirty, they will become worn as fast as an ordinary engine 
slide-bur. 

Figs. 9274 to S2T9 are of one of Tweddell's Died hydranlic riveters, 
made by Thompson and Boyd, of Newcaatle-on-Tyne, l^ whom it has been 
worked with ndvantage for sereral years. Fip. S280, S28I, show the 
letails of the valve-bra and ram. Ilie water ftom Ihe aomunolator is 
admitted to the cylinder and ezhaostad from it through the same aper- 
ture A, Fig. 5277, by means of a simple hydranlic valve of ctdinary oon- 
struction, shown in the sectional plan. Fig. 6280. The water enters at B. 
which tends to keep the inlet-valve C shot, the spring D also doing this nntii 
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the preanue from the aocumultitor begina to aot When the water ii to be admitted to the cylinder 
the Tal»e 1b opened by the hand-levtr E, and is kept opec by hand until Ihe rif et u dosed, or 



it is wiahed to itop the ram at any portion of ita etrotce. The exhanat-nlre V it kept ahnt by the 

5ro«mre of the water entering the cylinder, and at other timca by the apring D. When it is 
eaired to draw the nun back, the eihauEt-Talve F ia opened by pnahing the hand-lever over tho 
revene way to Ibat for opening the inlot-vBlve C: this allowB tho eibauBt-water to flow back to the 
pnmp-oiitem. and a umall portion of it is allowed to flow npon the die to cool it, throagh the pipe 
■hewn at G in Fig. 5277. The nuu H is drawn back by means of the small drawback cylinder J, 
Fig. 5281, arranged within the nun itself and in oonatant oommnnication with the occmQulalor 
through an inlet at K. The handle E unships readily, and is taken away by the operator wbenever 
abaent from the machine. By this plan of valves in oombination with the drawback arrangement 
the greatest possible control is obtained over the machine, the ram being motionless as Boon as the 
hand-lever is released or removed from the valvee. The power of control thus obtained is of the 
greatest importance in riveting and punching, to prevent blind holes and unfair work : and it does 
away with all necessity for the care nsoally required in regard to the length of the riveta, as the 
maahiue shortens tta stroke to snit a long rivet, while if ihe rivet is too short the machine sUU 
closes the plates equally well by extending its stroke. The wedge^baped fastening of the dio 
in the dolly, shown at L, Figs. 5277, 527!), obviates tho necessity for any thickness of metal over 
the filing pin ordinarily employed to keep the die in its place: this is of impottanoe in eitetfding 
the applicability of the machine in riveting Qanged and angle-iron work. 

In noavy^ work such as compoond marine boilers this icnMhino has pat in 900 to 1000 l|-iii. 
rivets in 1-in. plates in an ordinarv d^'s work of ten hours; and portable boiler work at an 
average of seven rivets a minute. Fig. 5282 is one of these riveting machines arranged vertically 
for-b-iiler and bridge work; and Fig. 9283 a horiiontal arrangemeDt for ship and bridge work. 



Figs. 52M, 528^ show the general Itaturrg of Tweddcll's portable hydraulic riveters, by 
Fielding and Piatt Qloucesler. The ram c warhing in cylinder a being forced out and drawn 
bock by suitable valve-gear; when going ant it carries tho cross-head d forward until the riveting 
die clonji the rivet The itntin thni caused is rmoived by tho two ten«iou-ban g, and the 
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b«11-and-ioaket die* f" ut as a point of Msiataooe. B; adng theee honu a depth X of from 
9 to 12 in. can be taken in. In the drawing it in ihown nTetiag the bame of an iron ahip. 
TbiB arrangement alao gerrea aa a ^ery ofCaotiye pnnr.hing pteaa, 
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Tbe weight of thti nuuhine Tariea fh»n 2 j to 3 cwL complete. Fig. 5286 la of another torn of 
(lie portable rifeter, without the croaa-hends, the dies here being in Iloe with the ram. 

FigB. 5287 to 5289 illuBtrate the application of the portable riveter to riTetinp shipa' keeli. 
A ia toe maohine which mm along two bars DD, anpported on elevating and lowenng screws CO, 
and the whole ii carried by a wrought-iron boge; on fanr wheels. B; properlf adjusting screws 
O, a whole row of rivets, abont 7 to B ft. long, can be made, and the low below afterwards. 

This nMotdne la equally applicable to long girders, or any work too large to be btooght to tlie 
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Figs. 5290, 5291, shpw an anangemeiii of portable riToter for ships' frames. The system 
oonsisto of a serifis of radial anus By suspended from one oommunioator which contains a pipe from 



6290. 




the aoomnnlator E. These anns at their other extremity are supported on a circular rail ; it 
is eyident that the portable machines a a suspended from these arms, and arranged by suitable 
rack and pinion, and telescopic pipes, can reach work placed anywhere within the drole of C. It 
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will thiM be teen how tbej can qoioklr rlTet op a trame, for inBlanoa, of u iron nmA, eithei of 
aqiWM aeotlon, m at B, or of finer weetiiau m S^ The fnaua wonld oome in kt H, and poM oat 
Anished at K tt the head of » Teatel being buUt. 

Vot H>r dcaariptian of work thii aj^ateni aiuwers eqnallj well, and an; modiSMtioD of oiane 
nwj be UMO iiMtoad of the phu ahoin) in the flfpiraa. 

UniTenal jointa an need in tbear --'-*-' <--■--- 

and Fig. K 



e poitablo maohinea. Pig. 5292 ia a double riglit.«iigled joint. 
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Figs. 5294 to 5296 are news of a hydiaulio shearing machine for catting cable chains. By a 
very simple modification the knives can be placed as in ordinary plate-shearing machines, and the 
other cylinder nsed as a punch. The machme is in some cases fitted to act as a horizontal riveter 
as well, and has another cylinder in the centre for angle-iron catting, and bar straightening or 
bending. The cylinder arrangements are similar to those employed in the riveter already described. 
The water from accumulator enters at A, through a valve at B, and C acts as the draw-back or 
reversing motion. 

529Y. 




Fig. 5297 shows a hydraulic tube expander. The water is pumped in at A direct from a smaU 
hand-pump, and forces outwards the ram B, which draws the hexagonal wedge G through the dies 
D, thus expanding the tube in the hole in the tube-plate E. Upwards of sixty tabe ends an hour 
can be finished by this tool, using a pressure of from 1} to 1} ton on the square inch. 

See HAin)-TooL8. Htdraulio Machiivbb. 

MANDREL. Fb., Arbre cTun tour; Geb., Drehbankapindel ; Span., Mandril, 

A mandrel, or mandril, is a bar of metal inserted in the work to form it, or to bold it as in a 
lathe during the process of manufacture. Also the spindle which oairies the centre chuck of a 
lathe and communicates motion to the work by a pulley ; an arbor. 

See Rand-Tools. Machine Tools. 

MAKGAN^E. Fb., Manganese; Ger., Jfangan, Braunstein; Ital., Manganeao; Span., 
Manganesa, 

Metallic manganese is obtained by calcining its oxides with carbon, a carburet of manganese 
being produced by the operation. This substance, when fused with « small Quantity of man- 
ganous carbonate, gives the pure metal. This metal is sufficiently brittle to oe reduced to a 
powder by trituration. Its specific gravity is 8*013 ; and it is almost infusible. At 212^ Fahr. 
it readily decomposes water. As it oxidizes rapidly on exposure to the atmosphere, it should be 

5 reserved in naphtha, or in sealed tubes. Its atomic weight is 57 ; molecular weight unknown, 
'he quantities of manganese entering into combinations are sometimes one, sometimes two atoms. 
Compounds containing only one atom are called minimum compounds, and those containing two 
atoms are known as maximum compounds. The minimum compounds are rarely saturated ; the 
manganese in them nearly always acts as a bivalent. It is only in the maximum compounds that 
the tetratomic character of the metal appears. In this case, two atoms together form a hexatomio 
group, which could not be, unless we admit for each atom a maximum capacity of saturation equal 
to four at least. Quite recently, however, Nidklte has shown that manganese forms a chloride 
corresponding to the formula Mn CL. Previously, it was found impossible to isolate this chloride, 
on account of its great instability. It may be decomposed into protoohloride and chloride. 



MnCU = MnCl, + q} 



Tetrachloride 
of] 



DIchloride 
ofmangaoese. 



Gblorloe. 



Kickl^ Buooeeded in rendering it stable by combining it with the othen. This chloride is 
produced and immediately destroyed when binoxide of manganese is acted upon by hydrochloric 
ncid. 



Mne, + 4 



Binoxide of 
nuuiguieae; 



©) = =(S}«) 



Hydrochlotte 
acid. 



Water. 



+ MnQf 

Tetrachloride 
of] 



The existence of tetrachloride of manganese places the tetratomic character of this metal beyond 
a doubt. 

The compounds of manganese with the monatomic radicals correspond therefore to one of the 
formuls Mn B^ Mn^ Bg, or more rarely Mn B4. The diatomic radicals also combine with manganese ; 
the compounds correspond to the general formula Mn B when they are minimum, and to the formula 
Mi, B, when they are maximum. But besides this, and in consequence of the property possessed 
by the diatomic radicals of accumulating in indefinite numbers in the molecules, these raaicals are 
capable of combining with manganese in proportions greatly superior in number to the two of 
which we have just been speaking. Thus four oxides of manganese are known — the protoxide 
MnO, the sesquioxide Mn^O„ the red oxide MngO^, and the binoxide MnO,. Besides these, 
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ro saline kinds are known, the manganates MnR^O., and the permangaxiateB MnB04. The 
ihydride oonesponding to manganic aoid would be MnO,, and the anhydride ooirenxmding to 



two 

permanganic acid Mn, O,. These two anhydrides are unknown ; nor is the manganic aoi(f Mn 'H^B^ 
Known ; but, on the otner hand, the permanganic acid Mn HO^ has been obtauied dissolved in water, 
and it seems capable of existing in the solid state. 

2%e protoxide is a basic anhydride ; it dissolves in the adds, and forms minimum salts. It is 
obtained by causing a current of dry hydrogen to pass over binozide slightly heated. The usual 
method of heating the binoxide is to place it in a proper vessel, and to fix it over a spirit lamp. 
Thus prepared, it will bear exposure to the atmosphere. A hydrate of manganese may be obtained 
by precipitating by an alknli a soluble minimum salt. This hydrate, when exposed to the air, 
becomes converted into a maximum hydrate. 

7%e anhydrous aeaqwoxide is prepared by slightly calcining nitrate of manganese. This is a weak 
basic anhydride. IVhen dissolved in the acids, it gives red and very unstable maximum salts ; the 
sulpliate, however, acquires stability in the presence of the alkaline sulphates with which it 
combines, forming salts that crystallize in the cubic system with twenty-four molecules of water. 
The double salt obtained with sulphate of potash should be expressed tmis ; — 



SSo'}^-^i:}^'+^*»'- 



These salts, being isomorptaous with those of alumina, have, from this oiroumstance, received 
the name of manganic salts of alumina. 

The red oxide may be written |^^| O4. This oompound is then considered as containing the 

manganese at the maximum and the minimum at the same time. It occurs native in hauamannite, 
and may be obtained artificially by igniting the sesquioxide or the binoxide in the open air. It 
is a compound of these two oxidiBe. 

The binoxtdey Mn 0,, exists in a native state, and constitutes by far the most abundant of the 
manganese ores. When heated with hydrochloric acid, it produces water and manganic tetra- 
chloride, ihe latter of which is destroyed as soon as formed, by liberating chlorine ; at the same 
time protochloride is produced. The solution of this chloride, when subjected to the action of an 
alkalme carbonate, gives a precipitate of carbonate of manganese, by the aid of which aU the 
minimum salts of this metal may be prepared. 

Manganate of potash^ Mn K, O4, is obtained by fusing together hydrated potash and binoxide of 
manganese, in contact with the air, or, better, by calcining binozide of manganese with a substance 
capable of giving up potassium and oxygen, as nitrate of potassium. Manganate of potash is green. 
Alkaline water dissolves it without prooucing any change in its constituent parts, but pure water, 
or, better still, water to which a pmall quantity ci nitric acid has been added, converts it into a 
mixture of hydrated peroxide of manganese and permanganate of potash. 

SMnK^e^ + 2H,0 = MnO, + 2MnKe4 + ^(h}^) 

Manganate of Water. Bhx»ldeof Pennaoganate Potaah. 

potaaaiiinL mangaaeae. ofpotaaatiim. 

When the solution of potassio manganate is exposed to the air, the oarbonio anhydride produces 
slowly the reaction of which we have just spoken, and as the colours of manganate and perman- 
ganate of potash are very difiersnt, a great variefy of hues are produoed, and from this dzoumstance 
this substance was formerly called the mmeroA chameleon. 

Permanganate of potaah is obtained by the calcination of a mixture of peroxide of manganese, 
hydrate of potassium, and chlorate of potash. When the solution is filtered upon amianthus, and 
then evaporated in a porcelain vessel, crystals of permanganate of potash are thro¥m down, cor- 
responding to the formula Mn KO4. Permanganates of potash with saline solutions of the metals 
give precipitates. Permanganate of baryta, thus prepared by double decomposition, gives off 
permanganic acid when acted upon by diluted sulphuric acid. 

(MnOO'Ba + BO^H, = SO^Ba + SMnO^H 

Permaagaiiate Snlpbnrlc Salphate Pemumguiic 

of baiyta. . add. of titiytik add. 

Under ihe influence of potssh the permanganates are converted into mang«nates ;— 

4MnKe« + *(h}^) = 4MnK,e, + 2H,e -h ^J 

Bmnanganata BotaalK Manganate of Water. Oxygm. 

of potaah. potaah. 

The permanganates of potassium, sodium, barium, strontium, and silver, are isomorphous with 
the percnlorates of the same metals. The soluble pezmanganates affect a beautiful violet colour. 

Seactions of the Salts of Manganese, — The salts of manganese may be recognized by the following 
oharaeteristicB ;— 

1. They are rose-coloured, and become white when dried. 

2. When heated upon a piece of platina with potash in the ozidizing flame of the blow-pipe, 
they give a green mass of allnline manganate. 

3. When boiled with a ijnixture of binoxide of lead and nitric acid, they give a liquor which is 
coloured violet bv permangnnic acid. This reaction is very sensible. 

4. Potash and soda produce in them a white precipitate, which becomes rapidly discoloured on 
exposure to the air. 

5. The soluble alkaline sulphurets determine in them the formation of a flesh-coloured pra- 

7 L 
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oipitate of hydrated snlphiuot of manganese. This precipitate will dissolve cold in weak hydio- 
cUoric acid. 

Manganese is not easily pzodnced by itself; it is extremely refractory, and has a strong affinity 
fbr oxygen. It may be produced by mixing one of its oxides with lamp-black and oil, and exposing 
it to the strongest heat m a coal-lined crucible. The metal thus obtained is not pure, it contains 
carbon. Manganese metal is soft and brittle ; its sp. gr. is 7 or 8 ; it is very oxidizable, bnt slowly 
in cold, although rapidly in warm water, or icid water. It resembles iron, cobalt, and nickel, very 
much, and comoines with these easily ; which may be caused not so much by affinity as a similarity 
in properties — ^particularly in their relation to heat, and melting. On the other hand, it resembles 
yery much the alkaline metals ; and in respect to forming slag, tne most important office it performs 
for the metallurgist, it ought to be clawoa with the alkalie& It does not occur native. 

Ores. — ^There is but one oro of manganese which is of practical use to the metallurgist ; and that 
is the binoxide, or black manganese. This is a black-brown, shining substance — amorphous — and 
contains, when pure, 68* 6 per cent, of metal. The most valuable kind of this mineral is the crystal- 
lized variety, called grey manganese— pyrolusite. These ores are generally adulterated with iron, 
alumina, and quartz, and contain water; sp. gr. 4*8 to 4*88. 

Alloys. — The onl^ use made of manganese is in an allo^ with other metals, partioolarly iron ; 
and as it has a peculiar affinity for that metal, we observe it in most iron ores, and consequently 
in crude iron. It combines leadilv with phosphorus, carbon, or silicon, and fonns with the latter 
substance an alloy whic^ resists the attaoks of aquafortis successfolly. We may here observe that 
it is not the relation which the elements of an alloy bear to oxygen which oanses it to resist 
the attacks of acids, but the oompsctness of the metal. Manganese is as oxidizable almost as 
potassium, and silicon is easily attacdced by oxygen. A compound of the two is as durable as gold, 
and is not touched by the stron^t acidls. Manganese melts with all other metals, and causes 
hardness. It impiurts to iron whiteness, and causes it to become hard and brittle. It is found in 
very small quantities in ffood steel, not often in wrought iron. A little iron in manganese improves 
its resistance to the attacks of oxygen, and causes it to be ma^etic. We do not know if it may be 
combined with zinc, antimony, or lead, but suppose so, if the operation is performed under 
proper conditions. 

Manganese is very refractoi^y, and has a strong affinity for oxysen ; its protoxide forms one of 
the most powerful bases in silicates with which we are acquainted— in fact, it cannot be reduced 
in the presenee of silex. As the formation of slags is all-important in metallurgy, manganese 
becomes — if not as a metal, as an oxide — one of the most useful substances in smelting 
operations. ^ 

See SpnoELEnKN*. Steel. 

MANSABD BOOF. Fb., Comble a la moMard; Gbb., Mansardendach ; Span., Armadwa d la 
mansarda. 

See BooFB. 

MABINE ENGINE. Yb., Machine a vapew marine; GEB.,ScMff8dampfmaicMne; Ital., moocAtna 
marina ; Span., Mdquina marina. 

Marine engines were first introduced in the year 1828, and amongst the early machinists Fulton, 
Miller, Penn, and Bonnie may be mentioned as having been the moBi instrumental in bringing the 
arrangement to its present state. The illustration, Fig. 5298, represents the end elevation of the 
modern oscillating paddle-wheel engines, fitted by Bavenbill, Salkield and Go., in KM. ships 
Helicon and Balamis. The air and feed pumps are shown in section to illustrate the relative posi- 
tions of the suction and discharge valves, and the points from which the motion is obtained ; this for 
the feed-pumps is from an arm secured to the cylixider, and for the air-pump from a crank-pin formed 
with the intermediate shaft. The front and sectional elevations are lahown by TFig. 6299. The 
sectional part shows the cylinder, steam-pipe, entablature, disengaging disc, connecting rod, and 
crank in section. The complete part, the air-chamber, starting gear, nand-rail, plntform, and bilge- 
pump pipes, valve-casings, expansion-gear, trunnions, steam-pipe, entablature, and cylinder cover 
and oonnecting-rod head. Fig. 5300, the plan in sectional and complete views of the same number 
of details as before. Fig. 5801, the cross stay-frames, columns, expansion-cam, and gear, steam 
branch-pipe, pum^ and lower firame, and the entablature, disengaging disc, and hand steam-valve 
gear. Fig. 5802 illustrates the starting gear, which is of the balance eccentric class, with the 
sliding quadrant levers and single-ported slide-yalves. The action of this gear is such that, when 
in the poidtion shown, the hand-wneel is disengaged and the valves are worked by the eccentric ; 
but on pushing the ecoentric-rod off the quadrant-pin by the hand-lever above the wheel, the valves 
are motionless, and can be then hand- worked by pushing the hand- wheel pinion in gear with the 
quadrant-rack. 

Fig. 5803 gives four views of the cylinder, which is in one casting, and arranged for two slide- 
valves— one on each side of the inside trunnion bearing, for balancing. Fig. 5804, two views of 
the cylinder cover, gland and stuffing box fitted with a deep wearing-bush. Fig. 5305 shows the 
piston in two sectional views, the packing used behind the spring-ring is the usual gasket 

Fig. 5306, the slide-valve casing; it is shown by three views, and the main feature in it is the 
passage in the frame and cover that communicates the back of the slide-valve with the condenser, 
so as to take away any back pressure of steam as well as the steam pressure from the face. 

Fig. 5307 illustrates the slide-valve, which is an ordinary single-ported valve, packed at the 
back with a six-bar spring, that presses a ring against the casing cover, and thereby prevents the 
steam from acting on the back of the valve. 

Fig. 5308 is tiie elevation of the btartiog or reversing gear, and shows the eccentric-rod in con- 
nection with the sliding quadrant. 

Fig. 5309, the plan of the starting wheel, shaft, bracket, hand-lever, and box-spring. 

Fig. 5310, a sectional plan of the reversing gear in connection with the cylinder, and shows the 
levers and sliding quadrant with their pins. 
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Fig. 53ia the detaik of the nlTe-ntd* aDd pini; nnd Ftg. 6314 is the guide lor ettb ni. 

Fig. 5315. the debili wd worldng-geu sweep, also called the elidinK qaadnnt 

Fig. 581^ the itartiiw tack that U ncuted to the quadrant.' and E4g. 5817, the 4)ndcet that 



rapporte the ilartiiig afaui 

Fig. 5318 illtutntee that shaft, aleo the wing nod mMsbip eotnmiu. 

Fig. SS19, details of theeooMitria and oouDterbalaDee or b*Ianoe-welght.ai weHtu the ei 
band. 

Fig. 5880, the eipamion-gear, side frame, and ralve-oasing, and biadet to which it is oMineoted. 

Fig. 5821, the nrriage cam-wheel and grade-piD : and Fig. 5322, the exptmrian-toda and ralease- 
lerer in conneotJoD with the reltMe-rod shown to the right of Um nme flgatB. 

Figs. 5823, 9321. illostrate the spring-boxee tor the eocentrio-Tod and ue cam-rod. 

Frg. 5325, the sipanaion-TalvB and casing ; Fig. 5326, the lever for the Talve-spiDdle ; and 
Fig. 5327, the gear^naokets and sweep-block. 

Fig. 5328, two TiewB of the einamaon-valve casines and bracket. 

Fig. 5329, the stop-throttle tsItb and seat ; and Fig. 5330, the steam throtde-TolTe gear. 

""-'""' "nstrsiBS tt ' ■ • -' ' ''■ — ' — ' 



E^g. 5331 illnstrstes the arrangement of the air-pmaps and condemsBr in sectional and complete 
of the condenser alone, and also the pawpges, 



views, also showing the oonneoting rods in a simiJai 
Fig.5332 shows tltree views aoetional andoomnlt't 
projertialu, and opcuinga reqniaite according to the armngemeni of the engli 
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Fig. S333 ti ft seolional elerttion and pl&n of tho bnmch piece tbat forma the dischftrge pumge 
ftQd the seatiog flange of the diachArge-TalTs plate and ftlr«hamber. Fig. 53S1 ia a iMtion and 
plan of that pl&le ftnd TftlTee; and Fig. 5335, the aii-obomber that covers them, often termed the 
hot-water ciitern. 

Fig. 533^ the (nction or foot-Talves and seat ; anil Fig. 5337, the piattm and ralTea, BometimN 
termed the Bir-pump bucket. 

Fig. 5338, thu air-pamp, trunk, and rod's aoQiiection ; and Fig. G339, the oonneoting rod, onnb, 
DDd head, rap, bolte end nnts. 

Fig. SS40, the eea ir^ectlon-cooh, to admit nater into the oondeiuer to oondenie the atetun ; and 
Fig. 5341 ia the gear naed far regulating the admiaaion. Fig. 5342, the kingaton-ralve aad Maing, 
tha4 admita the aea-water through the anlp'a buttom to the it|jection-o(N)k. 
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Fig. 5348 Ib the bilge injeotion-cock; and iB xued when open to admit water from the bilge into 
the oondeneer, whence it is pumped by the air-pnmp overboard, through the yalye-caaing, shown 
by Fig. 5844, which ia alBO the main diflcharge-yalTe. 

Fig. 5345 10 the lower blow-ont yalye, or snifting valye, naed for the pnxpoee of emptying the 
condenser before starting the engines. 

Fig. 5346, the feed or bilge pump, and oasing ; Fig. 5847, the plunger, and rod's connection with 
the same. 

Fig. 5348, the bilge-water disobarge-valTe and casing, that is secured at the ship's side, and 
level above the water line with the main discharge-casing. 

Fig. 5349, half of the foundation frame in sectional and complete views. The holes fiir the 
trunnion-bolte, colonms. side or cross-frame bolts, and holding-down bolts are all shows, also the 
recesses for the feed and bilge pumpsr Fig. 5350 is the cylinder trunnioB-hloak^ that is secured in 
the condenser and foundation name. 

Fig. 5351 represents the cross frame that supfiartB the entablature or main top frame, and 
Fig. ^ 52 sh ows another siqpport is imd for the hot-water cistern. 

Fig S888, tlw entablature that supports the intermediate shafk and the ship ends of the paddle- 
shafts. 

Fig. 5354, the paddle-abaft and the intermediate shaft. The piaton-rod is illustrated by Fig. 
5305, and the piston-rod cap, bolts, nuts, and brasses by Fig. ^5356. 

The main crank is shown by Fig. 5357, and the disengaging disc by Fig. 5358. This being 
ananged so that by withdrawing the two cross keys, the ciank-pin band can run free on the disc, 
when the paddle-wheels can revolve free from the engines— this is necessary when the ship is 
sailing. 

Fig. 5359, the plan and elevations of the starting platform; Fig. 5360, the hand-zails and 
stanchions ; Fig. 53^1, the hand-ndl support brackets. 

Fig. 5362, foed and bilge pipe required for these engines ; and Fig. 5363, the branch steam- 
pipe, with stuffing-box expansion-joints ; Fig. 5364, safety-valve gear. 

The feathering paddle-wheels of these engines are well arranged, as the Fig. 5365 illustrates by 
two views. The centre piece is shown by Fig. 5366. The arms, bolts, and nnte, by Fig. 5867. 
The radius and driving rods by Fig. 5368, and the cross stay-bolts and nuts by Fig. 5869. 

Bee BoiLiBS. 8<msw Enqinis. 
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MA80NBT. Fb., Ma^nerie; Gbb., Mauerwerk ; It., MuramenU)^ FMrioa ; Span., AlbaHUeria. 

Maaonry is the art of building in atone or briok ; it is olaflsifled either from the nature of the 
material, as Stone Maaonry and Brickwork^ or from the manner in which the material is prepared, as 
Cut StoM or Aahkar Masonry ; Coursed, and Common RuJbble Maaonry, 

Stone Maaonry, — Ashlar, — ^Masonry of cat stone, when carenilly made, is stronger and more 
solid than that of any other class ; Dat| owing to the labour required in dressing, or preparing 
the stone, it is also the most expensive. It is therefore chiefly restricted to those works where a 
certain architectural effect is to be produced by the regulaxity of the masses, or where great 
strength is indispensable. 

Before explaining the means to be used to obtain the greatest strength in cut stone, it will be 
necessary to give a few definitions to render the subject clearer. 

In a wall of masonry, the term face is usualljr applied to the ttoui of the wall, and the term back 
to the inside ; the stone which forms the front, is termed the facing ; that of the back, the backing ; 
and the interior, the filling. If the front or back of the wall has a uniform dope firom the top to 
the bottom, this slope is termed the batter. The term course is applied to each horizontal layer of 
stone in the wall ; if the stones of each layer are of equal height throughout, it is tcmned regular 
ooundng ; if the heights are unequal, the term ranoom, or irregular coursing, is applied. The 
divisions between the stones, in the courses, are termed the Joints; the upper and lower surfacee of 
the stones of each course are termed the bed. The arrangement of the different stones of each 
course, or of contiguous courses, is termed the bond. 

The strength of a mass of cut stone masonry will depend on the quality of the stone and mortar, 
the size of the blocks, the accuracy of the dressing, and on the bond used. 

The size of the blocis varies with the kind of stone, and the nature of the quarry. From some 
quarries the stone may be obtained of any required dimensions ; others, owing to some peculiarity 
in the formation of the stone, only furnish blocks of small size. Again, the stoengUi of some siones 
is so great as to admit of their being used in blocks of any size, without danger to the stability of 
the s&ncture arising from their breaking ; others can only be used with safety when the lei^th, 
breadth, and thickness of the block bear certain relations to each other. No fixed rule can be laid 
down on this point ; that usually followed by builders is to make, with ordinary stone, tiie breadth 
at least equal to the thickness, and seldom greater than twice this dimension, and to limit the 
length to within three or four times the thickness. When the breadth or the length is consider- 
able, in comparison with the thickness, there is danger that the block may break, if any unequal 
settling, or unequal pressure, should take place. As to the absolute dimensions, the thickness is 

generally not less than 1 ft., nor greater than 2 ft. ; stones of this thickness, with the relative 
imensions just laid down, will weigh from 1000 to 8000 lbs., allowing, on an average, 160 lbs. to 
the cubic foot. With these dimensions, therefore, each block will require a very oonsiderable power, 
both of machinery and men, to set it on its bed. 

For the coping and top courses of a wall, the same objectiouB do not apply to excess in 
length; but this excess may, on the contrary, prove favourable; because the numbor of top 
joints being thus diminished, the mass beneath the coping will be better protected, being exposed 
only at the joints, which cannot be made water-tight, owing io the mortar being crushed by 
the expansion of tiie blocks in warm weather, and, when they contract, being washed out by 
the rain. 

The accuracy with which the blocks fit is dependent on the manner in which the surfaces in 
contact, are wrought or dressed ; if this part of the work is done in a slovenly manner, the mass 
will not only present open joints from any inequality in the settling; but, from the courses not 
fitting accurately on their beds, the blocks will be liable to crack from the unequal pressure on the 
different points of the block. 

The surfaces of one set of joints should, as an essential condition, be perpendicular to the direc- 
tion of the pressure ; by this arrangement, there will be no tendency in any of the blocks to slip. In 
a vertical wall, for example, the pressure being downward, the surfaces of one set of joints, which are 
the beds, must be horizontal. The surfaces of the other set must be perpendicular to these, and at 
the same time perpendicular to the face or to the badk of the wall, according to the position of the 
stones in the mass. Two essential points will thus be attained ; the angles of the blocks, at the top 
and bottom of the course, and at the face or back, will be right angles, and the block will therefore 
be as atrong as the nature of the stone will admit. The principles here applied to a vertical wall 
are applicable in all cases, whatever may be the direction of the pressure and the form of tlie 
exterior surfaces, whether plane or curved 

Workmen, unless narrowly watched, seldom take the pains necessary to dress the beds and 
joints accurately ; on the contrary, to obtain what are termed close joints, they dress the joints 
with accuracy a few inches only from the outward surface, and chip away the stone towards the 
beck or tail, so that, when the block is set, it will be in contact with the adjacent atones only 
throughout tills very small extent of bearing surface. This practice is objectionable under every 
point of view ; for, in the first place, it gives an extent of bearing surface, which, being generally 
inadequate to resist the. pressure thrown on it, causes the block to splinter off at the joint ; and in 
the second place, to give the blodic its proper set, it has to be propped beneath by small bits of stone 
or wooden wedges, an operation termed pinning-up or under-pinning, and these props, causing the 
pressure on the block to be thrown on a few points of the lower simace, instead of being equally 
diffused over it renders the stone liable to crack. 

When the racing is of cut stone, and backing of rubble, the method of splaying off the joint 
of the block may be allowed for the purpose of forming a better bond between the rubble and 
ashlar ; but, even in this case, the block should be dressed true on the beda, and the upright 
Joints should also be dressed true for some distance back from the face. If there exiata any cause 
which would give a toideaoy to an outwaxd thrust firom the back, then, instead of thinning off all 
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the blocks towaida the t»il, it will be pielbrable to leave tbe tails of some tbtoher Ibui the puta 
which are dreawd. 

V&ricuB methods are need by btiUdera for the bond of ant stone. The syetem, termed hoadeni 
and BtretcheTB, in ubicb the Tertiool joijite of the blocks of each coarse alternate vith the vertical 
joints of the courses above and below it, or as it is termed break joints with them, is the most 
simple, and offers, in moat cases, all reqnisite solidity. In this system, the blocks of eaoh oonise 
are laid alternately with their gieateat and least dimensions to the faoeof the wall; those which 
present the longest dimensions along the face are termed etretchers ; the others, headers. It the 
header reachasiroia the face to tbe hack of the wall, it is termed a thiongU ; if it only reaches 
part of the distance. It is termed a binder. The vertical joints of one course are either jnst over 
the middle of tbe blocks of tbe next conree below, or else, at least a distance equal to hi^ 
the height of the eontm rm one side oc the other of the vertical joints of that morse ; and the 
headers of one conrie rest as necu'ly as practicable on the middle of the stretchers of the cooisa 
beneath. If the becking is of rabble, and tbe facing of out stone, a system of thioughs or binders, 
similar to what has just been explained, mast be nsed. 

By the arrangement here described, tbe ^cing and backing of each coarse are well connected ; 
and, if any unequal settling takes place, tbe vertical joints cannot open, as would be tbe case ware 
they in a continued lineRom tiie top to tbe bottom of the mass ; as each block of one coarse 
oonflnea the ends of tlu twtt blocks on which it rests in the conrse beneath. 

In masses of out stoue exposed to violent shocks, as those of which lighthonsea and sea- 
walla in very exposed posttionB are formed, Iho blocks reqnire to be not only very firmly united 
with each other, bat ^so with the conrges above and below them. To effect this, various means 
have been used. The beds and joints are sometimeB arranged with tnvjectionB, which fit into 
corraeponding indentations of the ndjoining stones. Iron cramps are let into the top of two blocka 
of the same course at a vertical joint, and are firmly set with melted lead, so as to confine tbe 
two blocks together. Stones of different courses am also connected with cnunpe, and holes aiip, in 
some eases, drilled through several courses, and the blocks of tlieee ooonee ate connected ty 
strong metal bolts fitted to the holes. 

The manner of dreestng stone belongs to tbe stonecutter's art, but the engineer should not bs 
inattentiva either to the Bocuracy with which tbe dreesiog is performed, or the means emploj^ 
to affect iL The tools chieSy need by tbe workmaa are the chisel, aie, pick, and hammer. The 
usual manner of dressing a artrface is to out drauEhts around and acioes the stone with the chisel, 
and then to use the chisel, the axe, piok. or tbe hammer, to work down the intermediate portions 
to the same sarface with tbe drengbts. In performing this last operation, the chisel and axe 
should alone be tised for soft stones, as the grooves on the surface of the hammer are liable to 
become choked by a soft material, and (he elone may in conseqaenco be nuteriaUy injured by 
the repeated blows of the workman. In hard stones this need not be apprehended. 

The scaffolding used for stonework is similar to that used for briokwork, eicept that ft ■■ 
double, that is, formed with two rows of standards so as to be totally independent of the walls 
for support. The construction of scaffolds with round poles lashed with cords hss lately been 
■uponMed in large works by a system of scaffolding of square timbers connected by bolts and 
dog-irons. 

The hoisting of the materials is performed from these soafFolds by means of either a travelling 
crane, a movable jib-crane, or a derrick. 

Ill hoisting blocks of etone they are attached lo the tackle by means of a simple contrivance. 
Fig. 5370, made of iron, and called a lewis, which is shown in the annexed figure, 

M>1. 





A hole tapering upwards, about S in. deep, having boi-n cqj in the upp. r surface of the stono 
to be raised, the two tapering side pieces a a, of the lewis are inserted, and placed against the 
•Ides of the bole; the centre piuallel piece* is then inserted, and secured m itsplaoe^ apmp 
passing Ihrongb all tliree piecet end tbe ends of a loop / which embraces their heads. Tbe atone 
may be then safely hoistoil by tiie loop ;, na it is impossible for the lewis to dniw out of tlie hole. 
By meHUB of the lewis in a aliglitly altered form, as shown in Fig. 5S71, stones can be lowered 
and set under water without difficiUty, and the lewis disengaged by means of a line attached to 
the parallel piece 6, the removal of whioh allowa the other to be drawn out of the mortise. 
Fig. 5372 shows a substitute for a lewis, consisting of two pins let into boles which thejr closely Ht, 
sloping towards (Ach other. Wlien a strain is applied to the lifting chain these pieces jum in 
their places and support the weight of the etone. . .■. 

Another way is to use large nippers or tongs, the claws of whioh enter a pair of holes m the 
side of Uio stone. The holes should be situated in a horiaontal line, passing through or a little 
above the centre of gravity of the alone. Very hard atones such as granite can bo lifted by n 
•ingle iron plug, very slightly tapered and driven tightly with the hammer into a vertical 
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Slindrioal hole in the top of the stone directly above its centre of gravity. At the upper end of 
e plug is an eye to whlon the chain for lifting the stone is hookM. After the stone has been 
laid in its place, a few sharp taps given sidewavs with the hammer loosen the plug. 

When a block of cut stone is to be laid, the first point to be attended to is to examine the 
dresring, which is done by placing the block on its bed, and seeing that the joints fit dose, and the 
fase is in its proper plane. If it be found that the fit is not accurate, the inaccuracies are marked, 
and the requisite changes made. The bed of the course on which the block is to be laid is then 
thoroughly cleansed from dust, and well moistened ; a bed of thin mortar is laid evenly over it and 
the block, the lower surface of which is first cleansed and moistened, is laid on the mortuvbed and 
well settled, by striktuff it with a wooden mallet. When the block is laid against another of the 
same course, the joint oetween them is prepared with mortar in the same maimer as the bed. 

Quoins, or corner stones which should be of large size, and chosen with especial carob are at 
once headers and stretchers ; each quoin being a header relatively to one of the two iaces of the 
building which it connects, and a stretcher relatively to the other. 

The thickness of the mortar in joints of well-executed ashlar masonry should be about 
i of an inch. The volume of mortar required in all is about -X part of the volBme of the sttme. 
Ashlar masonrr is used in eng^eering ohiefiy for the piers, abutments, arches, and parapets of 
bridges, for hydraulic works, for facing, quoins, string-courses, and coping to inferior descnptions 
of masanry, and to brickwork. 

A rougher kind of ashlar masonxy is built with stones of the sizes and figures mentioned, but 
seabbled or dressed with the pick or hammer. In whatever way the faces of ashlar stones are 
dressed, there ought to be a chisel-draught round the edges of the face forming sharp and straight 
edges with the ohisel-draughts of the beds i^nd joints in order that the stone may be set accurately. 

In coursed rubble masonry the building consists of a series of horizontal courses seldom 
exceeding 1 ft. in height, each of which is correctly levelled before another is built upon it ; but the 
side joints are not necesBarily vertical. One-fourth part at least of the face in each course should 
consist of bond-stones or headers ; each header to be of the entire height of the course^ of a 
breadth at least equal to the height, and of a length extending into the building to from three to 
four times that depth, as in ashlar. Those headers should be roughly squared with the hammer, 
and their beds hammer-dressed to approximate planes ; and care diould be taken not to place 
the headers of successive courses above each other, as that arrangement would cause a deficiencv 
of bond in the intermediate parts of the course. Between the headers each course is to be built 
of smaller stones, of which there may be one, two, or more in the depth of the course. These are 
sometimes roughly squared, so as to have vertical side joints ; sometimes the stones are taken as 
they come, so tiiat the side jointo are irregular; but no side johit should form an angle with a bed 
joint sharper than OOP. Oare should be taken not only that each stone shall rest on its natural 
bed, but that the sides parallel to that natural bed shall be the largest, so that the stones ^ay lie 
flat, and not be set on cage or on end. However small and irregular the stones may be, care should 
be taken to make the courses break joint. Hollows between the larger stones should be carefully 
filled with smaller stones completely imbedded in mortar. 

Ooursed rubble masonry requires great care in the inspection of its progress to see that the pre- 
oeding rules are observed ; and especially that thei interior of the wall contains neither empty 
hollows, nor spaces filled wholly with mortar or with rubbish where pieces of stones ought to be 
inserted, and that each stone is laid fiat and on its natural bed. Oare must be taken that the 
headers or bond-stones are really -what they profess to be, and not thin stones set on edge at the 
Uuot of the wall. 

A cubic yard of rubble masonry requires, in order to allow for waste, about 1| cub. yd. of stones 
andj^ cub. yd. of mortar. 

Tne resistance of good coursed rubble masonry to orushing is about four-tenths of that of stogie 
blocks of the stone that it is built with. 

Ooursed rubble is used for retaining walls and wing-walls that re<|uire less strength than those 
built of ashlar, for the backing of pieces of masonry that are ftced with ashlar for fence-walls, and 
'for various other purposes. 

Bubble is often built in random oonrses, that is to say. each course rests on a plane bed, but is 
not necessarily of the same depth or at the same level tnronghout, so that the beds occasionally 
rise or fall by steps. 

Oommon rubble masonry differs from coursed nibble in not being built in courses ; but in other 
respects the same rules are to be observed. 

The resistance of common rubble to crushing is not much greater than that of the mortar which 
it contains; it is therefore not to be used when strength is required unless built with strong 
hydraulic mortar. Its chief use in engineering ia for fence walls. 

Aahlar backtd with MMie.^-la this sort of masonry the stones of the ashlar fBuoe should have 
their beds and joints accurately squared and dressed with the hammer or the point, as the case 
may be, for a breadth of from once to twice the depth of the course inwards iW>m the face ; but the 
backs of these stones may be rough. The proportion and length of the headers should Ke the Game 
as in ashlar, and the tuls of those headers or parts which extend into the rubble backing may be 
left rough at the back and sides ; but their upper and lower beds should be hammer-dressed to the 
general planes of the beds of the courses. These tails may taper slightly in breadth, but should 
not taper in depth. 

The rubble backing should be carried up at the same time with the face-work, and in courses 
of the same depth, the Ded of each course being carefully formed to the same plane with that of tbe 
ashlar facing. 

In estimating the labour or cost of building such masonry as is here described, the area of tbe 
free multiplied by the distance inwards to which the dressing of the joints is carried, may be 
taken as ashlar, and the remainder as rubble. 
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Theee oombiiiationB of mftsonry are the most ^enlly useful in engintering workB ; and ther 
aie sspeciallv suitable in a meohanioal point of view where the preflsuxe is conoentrated towards 
the face of the building, as in retaining walls. For the abutment of bridges they are not meohani- 
cally suitable, because the pressure is oonoentrated towards the back; but if in any bridge coursed 
rubble is strong enough to resist the pressure at the back of the abutments, it may be used for that 
purpose, and faced with ashlar, for the sake of appeuranoej and of protection from the weather. 

Oonrsed rubble masonry is often used in combination with ashlar quoins. 

The following is the speoification for the stonework used on a branch railway, and will be fimnd 
a good guide for similar work elsewhere ; — 

Ashlar will be of two kinds— 1st. smooth-faced or tooled ashlar; and 2nd, fair broached and 
rock-faoed ashlar, with or without a chisel-draught round the edges ; the rook-faoing, where used, not 
to project more than 2 in. beyond the face of the ohisel-drauKht or arris. 

It is proposed to use but a limited proportion of this class of work which will be principally 
confined to impoeta, bed-plates for girders, springers, string-courses and copings, and occasionaUy 
in quoins and walling, and large arohes, but power is reserved to use it wherever it may be deemed 
necessary. < 

ThicMiess of Athhr C^mrara* and General Arrangement. — 'So course of ashlar to be less than 
8 in. thick. One-third of the entire length of each course to be headers. No stone to be less 
than 2 ft long, and when the thiclmess of the course does not exceed 10 in., the stones must 
not be less than 15 in. on tlie bed. Where the thickness of the ashlar oouraes exceeds 10 in., 
the breadth of the beds will not be less than a third more than the thickness of the course. 

No header to be of leas length than 18 in. in excess of the breadth of the course of ashlar 
to which it belongs. In walls up to 3 ft. thick, all headers to be through stones. The beds 
and joints of all aSdar stones to be dressed perfectly true, square, and full. No hollow beds will 
be allowed. 

The vertical joints in all oases to be dressed true and square for at least two-thirds of the 
breadths of the beds in from the fiftce of the work. 

No joint to exceed -^ of an ioch in thickness. 

The oourses to be arranged with as much uniformity as possibleb and laid perfectly horizontal, 
the lighter oourses being kept towards the top of the stmoture. 

The vertical joints of each course not to have less than 6 in. lap over the joints of the oourse 
next below. The work to be thoroughly well grouted after every course. 

AMur in Copings. — ^The coping-stone will, as a rule, be dowelled, but the engineer may dispense 
with this system in such cases as he may deem expedient. 

No stones in the ashlar copings to be less than 2 ft. 6 in. long, and the exposed surfaces to be 
dressed to a smooth face. 

Large Rough Stone Blocks. — ^It may be necessary to use one or more oourses of rough stone blocks 
in the foundations of brid^ ; such blocks to be only quarry scabbled, and none lees than 8 in. 
thick, or less than 8 sf . f L m area. These blocks to be measured half as ashlar, half as rubble ; 
they are to be laid m mortar, and great care is to be taken that they rest evenly on their 
beds. 

Coursect Subble Facing. — ^This class of work will be extensively used. In bridges up to 20 ft. 
span no course to be less than 3 in. in thickness. When the span exceeds 20 ft, the minimum 
thickness of a course to be 4 in. 

In structures other than bridges tlie minimum thickness may be 8 or 4 in., at the discretion 
of the engineer. No stone to be less than 9 in. long upon the face, or less than 8 in. on the bed. 

In courses of 6 in. and upwards, no stone to have a bed less than one-third mora than the 
Ibiokness of the course in which it occurs. 

One-fifth of the whole length of each course to be headers. 

No header to be less than 2 ft. long. All rubble quoins to be formed of headei^stones laid 
alternately along each faoe. 

The vertical joints of each oourse not to have less than 3 in. lap over the joints of the course 
next below. 

The joints in all cases to be dressed as far back from the faoe of the work as the thickness of 
the oourse in which they occur. 

The beds are to be dressed level, so as to rest evenly on the mortar without any hollows or 
projections. 

The faces of the stones to be left rough, but no part to project more than 1 in. beyond the faoe 
arrises, which are to be in all oases chipped off square. 

The joints to be dressed square, true, and full, and no mortar joint to exceed ) an inch in 
thickness; and the average of the joints to be under I an inch. 

Face-work of this nature will be measured one-fifth more than the breadth of the courses, to 
compensate for the headers, on the same principle as is noted in the specification of ashUtf. 

Arrangement of Courses. — All the courses are to be kept perfectly horizontal, but uniformity in 
the thickness of each course throughout its entire length wiU not be insisted on. Every care must 
be taken to ensure proper skill in the arrangement of the work generally, and specially where 
changes in thickness of the courses occur ; and where ashlar ouoins or courses are used with the 
rubbk, the latter must be brought up to the ashlar with a perfectly level bed. 

The thicker courses are to be used in the lower portions of the work, and are also to be selected 
for the building of the piera and abutments, or other important walls. 

At every 2 ft. in height it will be necessary to brmg the masonry to a perfectly horizontal 
l>ed throughout the entire length of each particular wall, and to thoroughly well grout the whole. 

In all stonework the stones are to be laid on their natural beds. 

in all oases where battering walla are required, the beds of the stones are to be at right angles 
le the batter. 
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The fiMW jointB in all stonework are to be raked clean and neatly pointed, and the whole work 
carried on and completed to the entire satiBfaotion of the engineer. 

Bubbh Backing is to be of the best materials and workmanship, built of good sound stones. 
No stone to be of smaller sixe tlum one quarter of a cubic foot. 

The stones of the rubble backing to be carefully set and* well bonded with themselves and with 
the face-work. The whole to be laid flush in mortar so as to leave no spaces. 

The interstices between the stones to be filled iu with spauls or quany chips. The larger 
stones to be roughly picked when necessary, so that they may rest evenly on their beds without 
hollows. 

The rubble backing to be brought up flush with the fiaoe-work for every 2 ft. in height of the 
walls, and well grouted ; and in no case will the building of the backing be allowed to proceed in 
advance of the fiSise-work. 

The joints in the book of all rubble walling to be raked and completely rough pointed. 

SUm0 Pitdiing, — ^To be of the same class of stone as the rubble face-work ; the face to be kept 
roughly dressed, and the stone to be as nearly as possible of a uniform depth. This pitching will 
be set on a layer of concrete of rubble, not less than 6 in. thick, as described for backing, and 
the whole must be thoroughly well grouted. 

See BoMD. Bbidobb. Gonstrcotiov. EEabboub. Lights, Bcots, and Beacons. 

Books on Masonry i — A viler (A.), * Dictionnaire d'Architeoture,' 4to, 1755. Nicholson (P.), 
*Masoniy,' royal 8vo, 1826. Adhemar, * Traits de la coupe des Pierres,' 8vo and 4 to, Paris, 1845. 
Nicholson (P.), ' Guide to Railway Masonry,' 8vo, 1846. Bobson CR.)> ' Mason's Practical Guide,' 
4to. 1865. Dupuit (J.), ' Traits de rEquilibre dee VoOtee et de la Gon»truction des Pouts en 
Bfai^onnerie,' 4to, Paris, 1870. Bum (R. S.X ' New Guide to Masonry,' 4to, 1871. Langley (Batty), 
' Ancient Masonry,' 2 vob. folio. Bee also Belidor, Gauthey, Perronet, Rondelet, and Sganzin. 

MATERIALS OF 0ON8TRUGTION, Strength or. Fr., B€sUtanc$ dea Mat^riaux; Ghb., 
/fof^Afiie ; Ital., ResisUma dfi Materidli; Span., Besistenda de Materiaks. 

Tlie strength of any material is the resistance it opposes to fracture, in whatever manner that 
fracture may be brought about. According to the nature of the force, or strain, tending to 
produce fracture, so is the strength of the material denominated. Thus the tensile strength of 
wrought iron, or its resistance to a strain of a tensile character, is greater than that of cast iron. 
In other words, it will require a greater tensile force, or strain, to fracture a given unit of the 
former than of the latter material. Again, we have the terms compressive strength, transverse 
strongth, torsional strength, each expressing the resistance of the material to a strain of that 
particular character. The strength of materials is due to the force of cohesion existing between 
their component particles. Cohesion may be briefly described as that force which tends to 
provent the separation of the particles of a body, when that body is acted upon by any external 
force. It might be supposed from this that the closer the particles of a body are together, 
or the denser it is, the greater is its strength. This, although generally, is not universally 
trua It has been found, in the case of wrought iron, that by reducmg the diameter of a rod, it 
has become stronger than beforo, for a given unit of the material, although its density was 
ab^lutely diminiimed. The modifications of cohesion are almost infinite. Not only does it exist 
naturally, in different degrees, in different bodies, but it can be increased, decreased, or totally 
destroyed by artificial means. Of the real nature of cohesion we know nothing, any more than 
we do of the real nature of the imponderable elements. We know them only by their effects. It 
is reasonable to imagine that when the particles of a body are at rest, that is, when the body is not 
acted upon by any external force, those particles are maintained at a constant uniform distance 
apart, by a series of mutual corpuscular attractions and repulsions, which balance each other. 
Directlv any external force is brought to bear unon the body, this state of nonnal cohesive equili- 
brium IS disturbed, and the pariides resist the oisturbing action with a force proportional to that 
applied to them. The great problem in connection with the subject of cohesion, which has 
hitherto remained unsolvra, is to discover the conditions which detennine this state of equilibrium. 
If we could once discover the law of the arrangement of the particles among themselves, we sliould 
not only be enabled to ascertain to what particular arrangement a particular kind of resistance in 
a body is due, but we should be able to predict what wovdd be the result of assigning any given 
relative position to the particles of a body. In the idea we entertain respecting the nature of the 
force of cohesion, it is necessary to assume the existence of a reptdsive as weU as of an attractive 
action. If the latter only existed, the particles of a bodv would be drawn nearer and nearer to 
one another, until they came into contact, and there would be no such a quality as porosity. But 
we know, as a fact, that the densest bodies are, to a certain eOctent, porous. On the other hand, if 
the former force were the only one brought into play, the particles of the body would be eventually 
dissipated into space. The normal condition of equilibrium, among the particles of a body, is 
therefore that in which the attractive and repulsive forces balance each other, being equal and 
opposite to one another. This condition, moreover, presupposes that a certain interval of space 
eiusts between the particles of all bodies. 

A further consideration of this question will introduce us to another property, aLm possessed in 
a greater or less degree by all bodies, which is termed ehisticity. This property is a very 
important one, and intimately connected with the strength of materials. Let A and B in Fig. 5873 
be two particles of a body in a state of 

normal equilibrium, that is, separated ss^ 

by the distance which allows the attrac* A C B D 

live and repulsive forces to balance one ■■ * » , • . 

another. If the former* equal x and 

the latter y, we have the condition of equilibrium expressed by the equation x sz y. Let an external 
force equal to P, now. act upon the particle B, and push it towards A. As the attractive force 
between the particles A and B is constant, the latter foroe now pushing B towards A, is equal to 
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x+P, and aiao x + P>y. The partlde B irill contimie to moTS towaMl* A unUl the rsiniliiTe 
BctioD becomes eqnal to the attractive aotion + the external foics. Lrt be the new position of 
the pnrticle, and i/i the new repuliiTe force, and the equation of eqntlibrinm will be z -(- P = Vi' 
If the particle B be polled awav from A to the positioa D we aball hftTe, bv anklogoos reaaoniag, 
y -^■F =x^. In the one oaie F — Vi - y. and in the othoT P :^ x, — z. If B move towards A, 
nithont the application of an external force, then x'^g. If it moye bom A, then j-<w. After 
the puticla B baa come to teat at the point O or D, let the extenal force P be removed. What will 
lake place? The two force* of attraotioo and repnlmon will endeavonr to ntniiie tlkoii fqnner 

aoautj, and to rertote the partiola B to ita original position at B, and we shall again have « = y. 
lifit^ndencj oonsUtalM tne daatioity, or Hbo elaatio reBotkm, of a bod7. A bod; is said to be 
peribctl; elaitio when it resomea the «net form it had, previoiu to the at^oation of the Bxtamal 
foTce: that is, when the portiole B, in the flBOie, lefairns exactly to the point B, after having 
moved either towards or from A. This coiuoidence depends Qpon oertaia cironmstaocea oi»mected 
with the laws of elasticity, which will be explained as we proceed. Upon them depend the 
deflection of beams and girders, and tlie safe loads which the engineer and the an^teot can plaoe 
noon them. The theory of the propagatioQ of tiglit, beat, sound, and of many other phjaical 
pbenomenia, ia dependent upon the laws governing the elastic mediom, throngh which tb^ are 
•OMMed to travel. 

The different kinds of elasticity are known by names cprreaponding to the different kind* of 
strains to which bodies can be anbjeoted. Thua, there i* the elaaticity of tension, of CMupvcMion, 
of flexure, and of torsion. The valne of theae diSbrent elaotio roacnons can be aaeertained by 
aecnrate meaaurement and the lawa which gorera them, deduced. The aame law applies equally 
to the elaaticity of tendon and that of oompreMioD, experiment having proved that it reqnire* 
practically the aame fbroe to oompreaa a rod by a given amount as it doea to atretch it To rwTer to 
Fi^. 5^3, if the point* C and D be aitnated at equal dittanoea from B, then will c, = y,. The laws 
which govern the elasticity of tension can be mathematically dednoad from the following experiment 
described by Jamin. In Fig. 5374, let A be a caat-iron bracket, aoMly fixed to the irall B 
tlirongb the vertical wall-plate 0. The bracket is terminated g 

at one end, by a &u>e of tempered steeL the anrfaoe of which 
is roughened siiailar to that of a flle. Against this is plaoed 
another steel plate, also roughened, and thatwooan bo tigbtened 
up by the bolts D, like the jaws of a vioe. Between these two 
steel Jaws is fastened one end of the rod E, the other end of 
which is held m a similar vice F. To the under part of the 
lower vise is attached a box 6, containing a number of weights, 
ananged in horiicoital layers, and capable of beina moved with 
faoUi^. To [sevent the sodden shock that might arise fhnn 
placing the weights iucaatioiisly in the box, and the poaaible 
tracture of the tod Id oonseqnence, the bottom of die box is 
furnished with three adjusting screws, H, H, H, eimilar to thoae 
DBsd.in theodtdites and transit instrumantu of an old pattern. 
At the oommenoement of every experiment, these screws ore 
lowered nntil they reat upon the ground, so that the weight of 
the box ia alao borne by the ground. The weights ore then 
introduoed, and the acrewa gently tamed until Ihey are raised 
from' the ground, and the weight of the box and the ooDteota 
brought to bear upon the rod. One precaution muat be observed 
here. The rods, when they are of small diameter, do not hang 
in a straight, bnt in a curved line, and consequently the flret 
result of toe application of the weighla ia to rtraighten them, 
and also, apparentlv, to lengthen than. Aa this apparent 
elongation mnat not M oonfonnded with that which ia real and 
neoeaaary to the object of the experiment, a small initial weight 
muat be applied, in the Brat Inatanoe, sufficient to atraighten 
the rod, and the measurement, □btained from the aotion only of 
the weights, subseqiuiDtly added. Since the elongations of the 
rod ore always ver; small, a catbetnineter ia employed tomeaaure 
them, an instrument which we sboll proceed to describe. 

Cathetomtler, — The cathetometer naa invented by Dulong 
and Petit, improTed by Ponillet, who bestowed ita name npon 
it, and extensvely employed by thectJebrated chemist, Begnault. 
It is shown in Fig. 5375, and consists, in its simplest form, of a 
vertical graduated rod, upon which elides a horizontal telescope. 
With the telescope, the observer sights the two objcclJ under 
examination, and the distance on the graduated rod, moved over 
by the telescope, is the measure of the difference of height 
between the two objects. The cathetometer rests upon a oast- 
metal tripod A, which is fnm^ed with adjustiDg screws B, and levels C. From the centre of the 
tripud riaea the solid wroucht-iroo shaft, which is about 4 ft. 3 in. in height, and before being fixed 
is carefully turned in a lathe, and brought to a cotiic»Uy-sluiped bearing at the lower extremity. 
The axis of the instmmetit is that of the bearing, and it psaan through the summit The rod or 
abaft is covered by a hollow brass tube D, which isolso tomod in a lathe, so as to flt over the ocniioal 
bearing of the rod. At the top it is fumiabed with a screw B. The tube can turn all around the 
axis of the lod, and can be fixed, at any time of tbe revnlution. by a clamping screw. The tube 
oarriesootheoulaidetwogAduBtodmlesorsaaleaFandO, which are poiullvl to the vertical axis 
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of the iDstnuDent, and ths edges of which ue bevelled. One of them la diTlded thtooghoat iU 
whole length into millimitreB. Upon thia double rale aljdM the put of Uie (ipptntiu CHrjiDg 
tbe teleaoope and ils odjaDcte. It is 

in two jrieces, which clasp the rule oa tai*. alt. 

shown at H K in Fig. 5375, and at 
A B, OD, in Fig. S3T6. The; move 
with a Blight filotioD npon Ibo edges 
of the roles, and as the mr&oeB are 
labrlcatod, the moTement is amootlr 
and gentle, Tbe; can be clamped at 
any moment by the clamping screw 0, ,' 
and tlie distance they have travellod, 
rend off by the vernier A, whicli reads 
to the A of * millimetre. The two 
pieces U and K are diMinot in them- 
■elree, but nnited by the tangent- 
■orew H K, Fig. 5S7S, which drawa C 
them together or separatea them. . 
When U% are clamped by the sorew 
C Fig. 5S76, tbe tttming of the tan- 
gent-edew wiU nise or lower the 
upper pttrt K. which csrriee tlie tele- 
■oope. w that the sight c&n be adjusted with tha 
greatect precisian. Tbe telescope LM ie pro- 
vided with A Bpirit-Ievel, by which its horizontal 
poeitiou is ensiired. The level rests upon two Y% 
m the crdiuary manner. The cross-piece carrying 
the T' ia bronght into • borimitBl positian t^ the 
■crew N, which inclines it in one direction or tbe 
other. Tbe instrument is set op and adjusted for 
abaervatien as follows;— In Ibe interior of tbe 
tdeaoope, « pair of spider threads are fixed at 
right angles to one another, in such a manner that 
the threads and the image of the object observed, 
are seen at one and tbe same time. The threads 
can be bronght to bear upon the smallest object, 
b every telescope there is a certain well-defined 
Una, tenned ibe optical utis. which passes thnmgh 
the interaeotiOQ of the threads, or cross wires, ns 
they are technically called, and the centre of tbe 
olnect-glaaa. When the imago of any point in an 
object ooincjdea with tbe interseotioD at the anm 
wlrea, the object itself is situated on the prolonga- 
tion of the optical aits. On the out^de of Uie 
teloscope aje fixed two collars A B, Fig. 5377, 
which are made in one piece, and aftetwu^a ont 
into two. They have a common axis, which is 
the geometrical axis of tbe teleecope. If the ttle- 
seope is tnmed round in tlie collars, the geome- 
trical axis will not be displaced, and the first step 
towoids adioating tbe instmment is to make the 
geometriofJ and optical aiea coincide, on operation 
which la effected by means of tbe cross wires. 
This Muncidence ia known to be accomplished 
wben the telescope can be turned round in the 
collars, without the intersection of the cross wires 
sliifting, in the slightest degree, from tlie point 
upon which they are fixed. When the two axes 
are made to coincide, they will maintain that 

riition permanently, provided the instrument 
not subjected lo any rough usage. Before 
observing with the catbetonieter, there are tliiee 
otber adjtistments to be made. The first is to 
plsoe the telescope parallel to tbe spirit-level, tlie 
seoond isio plsce it perpendicular to tbe edges of 
the scales, along which it slides, and the ttiird to 
ensure the vertlrality of the axis of rotatinn. In 
Fig. 9373, let A B be the axis of the telescope 
O D tbe spirit-level, and E tbe position 
bubble. If A B and C D aro parallel, and the 

telescope is tnmed end for end, A B and C D will beotme A, B, and C, D„ end the position ol 
the bubble will remain unaltered. Bnt if the position of the level in the first instance is F U, it 
will, after turning the instrument end for end, be P, O,, and the bubble will change its ptaoe, 
•ince it ruus always towards tbe highest end of tbe tube. By the screws attached to the level it 
«an be a^josted, uotii tbe buU>le retains its horizoutality in all podtions ofitho hutrnment. In 
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Older to place the telescope ptrpendicular to the axis A B, in Fig. 5379, it must be turned through 
a half circle round the fixed shiaft, and if the bubble does not change its position, the instrument 
is in proper order. But if the 
telescope is not perpendicular 
to the axis A B, that is in the 
line A, B| before its semi-revo- 
lution, let it be represented by 
the line O D, it will afterwards 
take the direction of Gi Dj, and 
the bubble will change its 
place. By moving the screw N, X 
acting upon the cross-piece in 
Fig. 5375, the bubble can lie 
rotule to remain horizontal. To 
make the axis of the instru- 
ment vertical, the telescope is 
moved until it is brought into 
the direction parallel to the 
line, joining two of the adjusting screws in the tripod, and one of these screws turned until the 
bubble is at the centre of its run. The instrument is then rotated through an arc of 90^, and the 
third screw turned, until the bubble arrives at the same position as before. The adjustments are 
then complete, and the instrument fit for recording observations, provided the following precautions 
be employed. On each occasion that tho telescope is moved vertically alone the scales, the spirit- 
level will undergo slight oscillations. In Fig. 5380, let A and B represent the two positions of the 
level, which are not parallel to one another, and the difierences of the height G D and £ F of the 
points sighted are not equal to the distance A B travelled over by the telescope, and the error 
increases with the distance of the points observed. It is necessarv therefore to slightly adjust the 
cross-piece at each observation, to bring the bubble to the centre of its run. In consequence of this 
necessity for continually moving the cross-piece, the tripod of the cathetometer is provided with 
two fixed spirit-levels, which are adjusted once for all, and serve to place the axis in a vertical 
position. 

Let us now return to our experiment on the elasticity of tension in Fig. 5374. The cathetometer 
is set up in front of the arrangement shown in the figure, and accurately adjusted. A couple of 
fine marks E E are then made with a file on the rod. Gure is taken to always sight the same 
edges of the marks, which are considerably magnified by the powerful lenses of the telescope attached 
to the cathetometer, and their distance, measured by the instrument, is given by the length of the 
rule at each phase of the experiment. This measurement is independent of any accidental vibra- 
tions and deflections that the arrangement may be subjected to. It can now be ascertained if the 
elongation is proportional to the length of the rod. If a number of marks are made on the rod at 
equal distances, and their respective distances from a g^ven datum mark ascertained to be, under the 
action of an initial load, 1, 2, 3, 4, they become 1 + <>» 2 -f 2 a, 3 + 3 a, and so on, when the tension 
is increased, thus proving that the elongations are in the direct ratio of the lengths of the rods. It 
can be also pro vecf that mey are propoi^onal to the weights applied, and inversely proportional to 
the sectional area of the rods. As all bodies will not stretch to the same extent under the same 
weight, each body will have a coefficient of extension, or a constant of its own. If E = the elon- 
gation of a rod due to a weight P, L the length of the rod, A the sectional area, and G the constant, 
P X li V G 1 

we have E = r . Putting M for the coefficient or modulus of elasticity, M = 7; ; and the 

A O 

equation becomes E = 



PxL 



AxM 

The modulus of elasticity is the weight, which acting upon the unit of surface, and the unit 
of length, would produce an elongation equal to unitv, or the weight, which would stretch a 
rod, having a sectional area e^ufd to unit^, to double its length. In English measures, the 
modulus of elasticity, or coefficient of elasticity, is therefore the weight in pounds, which would 
stretch a rod having a sectional area of 1 in. to double its length. Practically, this condition 
could not exist, for it would be impossible to stretch a rod to double its length without breaking 
it. As an example, let it be required to find the amount of elongation which a bar, 8 in. in 
breadth, } in. in thickness, and 20 ft. in •length, would undergo when strained with a weight of 

20 tons. From the equation we have E = — p^ — 24000000 ~ " ^ ^® "*' ^ ample rule, which 

will reduce the labour of calculation, is the following; — ^Multiply the weight in tons by the 
original length of the bar in feet ; divide the product by the sectional area of the bar, multiplied 
by the constant 893, and the quotient will be the required elongation in inches. It was proved 
by the experiment represented in Fig. 5374, that the elongations of the rod were proportional to 
the weights applied. This is the general law of elasticity, known as Hooke*s law, under the title 
of ' ut tensio sic vis,' and signifies that the extension is proportional to the force applied. Without 
questioning the abstract truth of this law, it is sufficient to know that within certain limits, it is 
practically true for all purposes of construction. Under ordinary ciroumstances, some materials, 
after being subjected to a considerable tension or compression, will not return to their original 
length, but wifi undergo a permanent alteration in tnat direction. This alteration is called a 
set, and its amount depends upon the force applied, and the nature of the material. For example, 
when a bar of iron is subjected to its safe working loed only, there is no appreciable set, but as it 
is necessary to test bars, in order to ascertain the quality and strength of the iron, a hcn&vy tensile 
strain must be applied, and the set Ib, to some extent, an indication of the character of the material. 



MATERIALS OP OONSTRUOTION, Stbbnoth of. 



2381 



Cure most be taken that the testing is not oyerdone, for if the strain is too great, and the set of a 
corresponding magnitude, the elasticity of the iron is injured, and the bar rendered useless. There 
are some peculiarities attending the set of iron. It is not produced instantfuieously, but some time 
is required for it to acquire its full amount, due to a given weight or strain. When this has taken 
place, and the weijpfht been removed, the second application of it, or of any smaller weight, will not 
always produce a further set. But if a weight greater than the first be applied, the bar will undergo 
another elongation or set, due to the greater strain upon it. A certain duration of time appears to 
be necessary to enable a body to adapt itself to a given strain, for if a heavy weight is rapidly and 
Buddenlv applied, it wUl break at once, without evincing any set. The strain is induced so sud- 
denly that the elastic reaction has no time to exert itself. For each modulus of elasticity, or 
coefficient of elastic tension, of a material, there will be a corresponding coefficient of elastic com- 
pression. These two, although not quite identical, may be considared so, without sensible error, for 
wrought, but not for cast iron. In round numbers, 10,000 tons may be assumed as the modulus of 
elasticity of wrought iron, both in tension and compression. After being once stretched, cast-iron 
bars wiU sometimes take another set on the re-application of the force, but experiments of this 
nature are of little practical utility. 

In Table I. are given the coefficients of the elastic tension, or moduli of elaslicitjr for different 
materials, according to the best authorities. Oare must be taken that, in all expenmenfs under- 
taken to detennine the modulus of elasticity of any material, the material must not have been 
subjected to a previous strain of any consequence, or the results will not be reliable. Vitreous 
materials do n*t undergo any set, but break at once when the strain is sufficiently great, and 
Hooka's law does not apply, practically, to some descriptions of stone under compression. Elas- 
ticity of volume, or cubic elasticity, is possessed b^ solios, but this feature does not enter into the 
oonsideration of the strength of materials. Fluids possess elasticity of volume only, and not of 
form. A distinction must be made between the aoeolute elasticity of a substance, that is, the 
exactness with which it returns to its original form after being stretched, and the degree to which 
it may be stretched before it breaks. The amount of play, or range of its elasticity, must not be 
confounded with the elastic force itself. An ordinary band of in(ua-rubber has a much greater 
range of elasticity than a similar ring of glass, but india-rubber, nevertheless^ does not return to 
its original form, after being strained, with the same exactness as glass. 



Table L— MoDtriJ of Elasticitt in Lbs. a Squabb Inch. 



n 
»t 
n 
»» 



MaterliO. 

Acacia 

Ash .^ .. .. 

Beech .. ..' .. 

Birch 

Box, Australian 

Brass, cast 

„ wire 

Copper, wire 

Elm 

Fir, red pine 

spruce 

larch 

Mar Forest . . 

Kew England 

„ Riga 

Glass 

Greenheart 

Gun-metal, copper 8, tin 1 

Iron, cast 

wrought, plates .. 

bar 

wrought, wire 
» ft n rope 

Lead, oast 

„ sheet 

Ifahogany 

Marbleb white .. .. 



n 



Modnlofl. 

1,152,000 

1,622.400 

1,851,500 

1,644,900 

2,155,200 

9,050,000 

14,230,000 

17,000,000 

l,(n9,920 

1,680,000 

1,600,000 

1,130,000 

792,480 

2,191,200 

1,059,600 

8,000,000 

2,665,400 

.9,886,500 

12,177,000 

24,000,000 

28,850,000 

25,300,000 

15,000,000 

720,000 

720,000 

1,425,000 

2,520,000 



Material. 
Norway spar 
Oak, Adriatic . 



n 
>» 
•I 

n 
r 
n 



African 

American red 

Canadian 

Dantzic 

English superior , 

„ inferi(Nr 
European 

Pine, pitch 

» red 

„ American yellow 

Poon 

Slate, Welsh .. . 
„ Westmoreland . 
„ Scotch 
Steel 



f» 



n 



Stone, Portland 
Spotted gum, Australia 
Stringy bark 
Teak, Indian 
„ African 
Tin, cast 
Whalebone 
Zinc, cast 



Modalm. 
1,457,600 
974,400 
2,805,400 
2,150,000 
2,148,800 
1,191,200 
1,451,200 
873.600 
1,475,000 
1,225,600 
1,520,000 
1,600,000 
1,689,600 
15,800,000 
12,900,000 
15,790,000 
29,000,000 
42,000,000 
1,533,000 
1,942,000 
1,375,000 
2,400,000 
2,300,000 
4,608,000 
820,000 
13,680,000 



• ElatticUu of 'IW9ion.-^Ji an elastic rod, or thread, is fixed at one end and twisted at the other 
it will exhibit a reaction, which will tend to untwist it, and be proportional to the angle through 
which it ia twisted. In other words, the angle of torsion is proportional to the force of torsion. 
If, moreover, differont lengths of the same rod be subjected to the same force, the angles of torsion 
will be proportional to the lengths. Again, in the case of cylindrical bars, if the radii is repre- 

H 6 6 

sented by 1, 2, 3, 4, the respective angles of torsion will be equal to e, — » gj» gg^; sothatthe 

angle of torsion is inversely proportional to the fourth power of the radius of the rod. When acted 
npon by the same force, different substances will twist through different angles, and each substance 
^^ have a particular coefficient of torsion belonging to it. If we put this equal to T. make 
P equal to the moment of the forces acting upon the rod, L its length, B the radius, and 9 tHe 

•ngle of torsion, the geneial equation is 6 = ^ ^^ . CoulomVs experiments proved the truth 
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of these laws of toraLon. A prum undergoes a Btrain of toraion when a crossHMclion of it in 





igfinall^ 

of the prism, inde&utely near to each other, make between them, after the distorsion of the 
prism. This subject will be again referred to when we come to the renataDoe of materials to a 

strain of torsion. 

Elasticity of Flexure, — ^If a rod A B of any material has one end fixed in a wall, as represented in 
Fig. 5381, and a weight W Bospended at the other end, which is free, it will defleot bebw the hori- 
zontal line A O, ami take the curved form shown 
in the figure. The rod will defiect until its ekstio 

reaction makes equilibrium with the weight W. ^^ sssi. 

When the rod is m this position, the fibres on its '^^^ 
upper surface are extended, and those on the 
lower compressed or shortened. If the weip^ht be 
removed, the forces which are developed m the 
rod by the strain upon the fibres will cause it to 
return to the horizontal line AC, provided the 
weight applied has not exceeded the limits of elas- 
ticity of the material. The cathetometer may be 
employed to measure the amount of the defiection 
of the rod below the horizontal line A G. By ad- 
justing the instrument so as to sight the two extre- 
mities A and B, the difference of level between them, which is the deflection of the rod, can be 
accurately determined. If equal the are which the firee end of the rod describes, the deflection is 
proportional to the arc. Let the rod be of uniform section throughout ; let L = Uie length, B the 
breadth, D the depth, and a constant, varying with the material, then the flexure F will be given 

by the equation F = n ^ B x D* ' ^^^ ^'"^ '^"^ ^^'^ bodies which exhibit no elasticity 

under any conditions, and may justly be considered altogether devoid of that property. Wax, when 
soft, clay, putty, and many similar substances come under this category, and are termed plastic. 
There are some other properties belonging to bodies which affect their strength, such as toughness, 
stiflbees, or brittieness. Toughness is that Quality in a body which enables it to undergo, without 
breaking, sudden and considerable changes ot form, and is opposed to brittleness. Certain descrip- 
tions of timber and iron are verv tough, whereas glass and highlv-tempered steel are very brittle. 
The latter have no ductility. They will not stretch under a suddenly applied strain, but snap off 
short at once. Toughness is the desirable quality to impart to a body which is intended to be sub- 
jected to a strain of torsion. The term stifinees is frequently employed synonymously with that of 
touffhness, but the former is more correctly used in relation to the strength of materials, considered 
with reference to their resistance to flexure. If there are two pillars of different material, but of the 
same dimensions, the one which deflects less under a given load is said to be stiffer than the other. 

ClaaeifiocUion of Straina, — ^All the strains to which bodies are subjected may be classed under one 
of two heads. They tend to destro;^ the body, either by compression or extension. Eventually, if 
the strain is carried to the breaMng point, the fibres of tne body will be either shortened or 
lengthened. For the sake of distinction, however, the strains upon bodies are usually classed 
under five subdivisions, and are — 1. A strain of compression; 2. Of tension; 8. A ^iinsverse 
strain; 4. A shearing strain, or strain of detrusion; 5. A strain of torsion. These are thus 
explained; — ^A body is under a compressive strain when it is pressed in the direction of its length, 
as in the case of cdumns, posts, and rafters. It is tensilely straioed when a stretching force is 
similarly applied to it in the direction of its fibres. Hopes, cables, king-posts, tie-beams, and the 
lower chords of timber bridges are familiar examples. A transverse stiain tends to break a body 
across, in a direction either perpendicularly or obliquely to its length, as in the case of joists, 
beuns supported either at one or ooth ends, and all classes of levers. A body is under a shearing 
strain, or strain of detrusion, when the strain tends to cause the particles to slide on one another 
along the plane of fracture. Examples are to be found in the nvets of ironwork, in punching 
machines, and in the ends of tie-beaims, into which fhe feet of the rafters are mortised. A strain 
of torsion tends to wrench or twist the body, with a force acting in a direction perpendicular to 
some part of its length,'as for instance in the axles of fixed wheels, the driving shafts of machinery, 
and the levers of presses. 

Compressive Strength of Materials, — ^Taking the strains in the order of their enumeration, we 
commence with that of compression. The compressive strength of any material, under certain 
conditions, is directly proportional to its sectional area. The exceptions to this nUe are the case 
of long pillars, and every instance in which the strain is no longer that of a simple thrust, but com- 
plicatea by the addition of one of a transverse character. All t)odies acted upon by a compressive 
strain may be termed stmts, in contradistinction to ties, which undergo a strain of t^ision. Strains 
of compression and tension are of opposite character. The former are denoted bv the sign + jmd 
the latter by — . Struts have different names given to them, according to the position they occupy 
in a structure, and the manner in which* they support their share of the load. An upright strut 
is a post, column, or pillar; a slanting one a rafter, stay, or jib. As a body under a compressive 
strain may yield in one of two ways, either by being actually crushed, or partly through crushing 
and partly by fiexure, it will be convenient to treat them separately. Experiment has proved 
that when the lengths of pillars of any given material are not less than one and a half, and not 
more than four or five times, the diameter which is constant for all of them, their respective 
strengths are practically the same. The crushing strength of any material is the weight which 
would juBt crush a prism, having a base of 1 sq. in., and the height of which is within the 
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limits of one and a half^ and five times the diameter. Patting A for the sectional area in inches 
of a pillar of these proportions, and O for the omshing strength found by experiment for the given 
material, the value for B, the strength of the pillar is S = A x O. When A = the unit of aiea, 
8 = 0, and the strength of the pillar is eqnal to the unit crushing weight. This simple rule 
would be uniyetsal in its application, independently of the length and duuneter of the pillar, if 
we could ensure the line of pressure always coinciding with the axis of the pillar. But this is 
not possible, and since the aosenoe of this coincidence is the cause of the bending of the pillar, 
we must have recourse to other rules for determining their strength. The fracture of short 
specimens of timber, iron, and stone always takes place by a wedge-shaped fragment splitting off at 
an angle with the base, and this angle is approximately constant for pillars of the same material. 
In all experiments undertaken with the object of determining the crushing strength of materials, 
the line of pressure must be made to cpincide with the longitudinal axis of the prism under trial, 
and moreover, the pressure must be uniformly distributed, or the results will not be reliable. The 
neglect of these precautions has rendered many otherwise valuable experiments of no use whatever. 
Great care must likewise be used in placing dependence upon results obtained from experiments 
upon very short specimens, mere cubes in fact. This wss a great error, fallen into by the early 
experimenters on the compressive strength of materials. When the line of pressure upon a column 
departs considerably from the longitudioal axis, the pillar becomes very much weakened. There 
is evidently greater probability of a solid pillar yielding from this cause than a hollow one, con- 
taining the same quantity of materiaL In the latter instance the diameter can be increased, so 
that if the line of pressure deviates from the axis of the pillar, it will not be so likely to pius 
outside' the circumference. When timber or stone is used in the position of a pillar or strut, th^ 
safe position of the line of pressure is usually ensured by giving them such dimensions as will 
effectually confine it within them. PiUars of metal are sometimes solid when their dismeter is 
oomparatively small, but more generally hollow. 

There are several forms or sections in which iron can be obtained nady rolled in the market, 
which are exceedingly well adapted to resist strains of oompression. Iney are well known to 
engineers as angle, tee, channel iron, end otben. Angle iron is a oonveident section for the 
oompression bars, in the web of lattice and other types of bridge girders of moderate span, and 
presents, when of small scantling, greater facilities than the other sections for riveting. Tee iron 
IS a useful form for the same purpose, when it can be used of suiBcient sise to take rivets on each 
side of the rib. The handsomest form of strut is channel iron, and also a very strong one. It is 
used for the oompression bars in the web of the main girders of the London, Onatham, and Dover 
Bailway bridse over the Thames at Blackfriars, but the effect of its appearance is lost hj the ribs 
being turned mside, so that the struts appear to be plain bars, like the ties. In Table U. is given 
the value of 0, or the ooeffldent of the ultimate, or crushing, strength, for different materisJs, in 
lbs. a square inch. 

Table II.— Cto fFiomriti or Ultdiatb, ob Obubhiho, Stbbngth in Lbs. a Bquabe Ikob. 



Uftteriia. 

Alder 

Ash 

Baywood 

6eech 

Birch, American 

„ English 

Brass, cast 

Brick, light red 

„ dark „ 

„ fire, Stourbridge 
Brickwork in cement .. 

Cedar 

Gement, Portland 

Chalk 

Copper, cast 

Deal,red 

^ white 

Elder 

Elm 

Freestone, Craigleith .. 

Fir, red pine 

„ American yellow .. 

,, spruce 

Glass, flint 

„ common green . . 
„ white crown 
Granite, Aberdeen 
Peterhead 

Cornish 

Dublin 

„ Mount Sorrel . • 
Greenstone, GisnVs Causeway 
Hornbeam 



n 

n 
n 



ValiMof 

Ooeffldeat. 

6,960 

9,180 

7,620 

9,240 

11,660 

6,100 

10,800 

640 

950 

1,710 

1,000 

6,730 

3,795 

450 

11,700 

7,150 

6,590 

7,300 

9,970 

10,210 

5,490 

5,790 

5,400 

6,820 

, 27,590 

31,880 

, 31,000 

, 10,910 

8,280 

6,360 

. 10,450 

» 12,860 

. 17,220 

7,150 



n 

n 



Katorial. 

Iron, cast 

„ wrought 

Lsroh 

Lead 

Limestone, compact 
Purbeck 
Anglesea . 
„ Dublin 

Mahogany, Spanish 
Marble, Italiui 

„ Devonshire red 
Oak, American red 
Canadian 
Dantzic 
,j l^lish 

Pme^ pitch 

M »ed 

„ yellow 

Poplsr 

Portland stone 
Sandstone, Bramley Fall 



Value of 
Coeffldenl 

96,410 






n 
n 

_»> 



Steel, cast 

Slate 

„ Irish, average 

Teak 

Tin 

Walnut 

Whinstone, Scotch 
Willow 



Yorkshure paving 
red Runcorn 
Quartz rock, Holyhead,' 
across lamination , 
parallel to lamination 



37 


,250 


5 


,550 


7 


,000 


7 


,710 


9 


,160 


7 


,580 


16 


,940 


8 


,100 


9 


,680 


7 


,430 


6, 


,000 


6i 


,000 


7, 


,720 


10, 


,030 


6, 


,790 


6, 


,660 


5 


,430 


6, 


,120 


4, 


,000 


6, 


,060 


5 


,714 


2, 


,185 


1 25, 


,500 


l^ 


»000 


225, 


,570 


11 


,000 


16 


,660 


12, 


,050 


15, 


,000 


7, 


,230 


8i 


,270 


6, 


.130 



^ 
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In the valnes given in Table II. of the coefficients of ultimate strength, relative to the omshing 
weight of different kinds of timber, the material is sapposed to be thoroughly dried. In some 
kinds of timber, the strength of a wet specimen is only half that of a dry one. As an example of 
the strength of a i^ort pilkr, let it be required to ascertain what weight in tons will crush a piece 
of beech 8 ft long and 9 in. square. Let W equal the crushing weight in tons, and A the area of 

the section; then W = — ^^ — ss — = 834*12 ton& Again, what weight m tons 

will crush a solid short pillajr of oast iron 1 ft. 6 in. in length and 4 in. in diameter. Here 

W=tZ»iiL^lll>iii = 640-86 ton.. 

Ckuaification of Pillars, — ^We have now to consider the case of columns, in which the ratio of the 
length to the diameter exceeds the limits of 5) or 6 to 1, and thejr become long coluums, and their 
strength is calculated bv a different rule. Two cases for investigation here present themselves ; 
one in which the pillar is so long that it fails altoeether by flexure, like a beam under a transverse 
strain, and its brooking weight falls far short of tne value of that reauired to crush a short pillar. 
The other case includes ail pillars which, although they fiul ultimately oy deflection, yet their length 
is such, that their breaking weight approaches much nearer to that which would crush a short piUar 
than in the former case. The three classes of pillars therefore are ; — First,. short piUars, whicn fail 
by crushing. Secondly, long pillars, which fail by flexure. Thirdly, intermediate pillars, which 
fail partly by crushing and ^tiily bv flexure. LonK pillars of cast iron are those whose length is at 
least thirty times their diameter, if both ends are flat, and at least fifteen, if both ends are rounded. 
In all long pillars, the resistance to breaking, when the pillar is firmly bedded, is three times that 
when the ends are rounded and capable of motion. If one end of a pillar be fiat, and the other 
rounded, its strength is the mean between that of a pillar with both ends rounded, and of one with 
both ends flat. The relative strengths of three cylindrical pillars, the first having both extremities 
rounded, the second one rounded and one fiat, and the third both fiat, aro as 1, 2, and 8. More- 
over, if the ends of a pillar are firmly fixed, its power to resist breaking is equal to that of a pillar 
having the same diameter and half the length, and with the ends rounded, so that the strain passes 
through the longitudinal axis. The rule for calculating the strength of solid cast-iron long 
columns, or those in which the leng^ is more than thirty times the diameter, and when the 
ends are fiat and fixed, is as follows; — Put D for the external diameter in inches, L for liie length 

in feet, and W for the breaking weight in tons ; then, W = 44 =-j^ . Example, — What is the 

breaking weight of a solid cast-iron pillar 10 ft. long and 3 in. in diameter, with ends fiat and 

fixed? Here W = — ^^71 — = 44 x ^ = 45'76 tons. When the column is hollow, and under 

similar conditions, putting D and d for the external and internal diameters respectively, 

W = 44 — =-^ — - In the original investigations of Hodgkinson, who is the great authority 

upon this subject, the common factor is not quite the same in the two formuln, but the discrepancy 
is practically of no consequence, and it simplifies the calculations. For solid long columns of 

wrought iron, in which the length exceeds sixty times the diameter, we have W = 134 -y^ - 

Example.-^To find the value of W for a solid wrought-iron pillar 4 in. in diameter and 10 ft. long, 

4».e 147 

we have W = 134 r^ ~ ^^ loo ~ ^^^'^^ ^^^ Columns of wrought iron of this description 

are considerably stronger than similar pillars of cast iron, as may be inferred by calculating the 
strength of a similar column of the latter -material, for which we have W = 44 ^r^r^. = 44 -^ 

s= 129*36 tons. For solid long square columns of dry Dantzio oak, in which the length exceeds 

11 B^ 
thirty times the diameter, putting B for the length of the side, W = -^j-l And for similar 

T'8 B* 
columns of dry red deal, W = . If the ends of the above pillars aro rounded, and the ratio 

between their lengths and diameters halved, their respective breaking weights will equal approxi- 
mately -^ ' Bepresenting the strength of a long cast-iron column by unity, that of similar 

columns will be as follows ; — Cast steel, 2*5 ; wrought iron, 1*7; Dantzio oak, 01; Memel, O'OS. 
By Gordon's rule, putting L for the length in inches, S for the sectional area in inches, G and F 

0x8 

for constants, and the rest of the notation as before, we have the general formula W = =-71 1 

1+ — 

36 8 
and for the breaking weight of round cast-iron hollow columns W = -=-= — . If the section 

1+ ^ 
^400D» 
36 8 
be a hollow square, and D the diagonal, W = ^d~Tt~ * When the section is a cross, and 

^800 D« 



I 



I 



I 
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D the length of the diameter, from end to end of the shorteBt pair of anna, W s 



1+ ^^' 



400 D* 

When the enda are hinged, take 100 D' instead of 400 D* and 200 D* instead of 800 D*, in these 
formulas. J. T. Hnrst gives the following rules for columns of wood, with ends flat and fixed, 
when D = the diameter in inches, L the length in feet, S the sectional area in inches, and W 

0x8 

the breaking weight in tons. For round columns, W = — • ^^^ sqnaie or leotangular 

^ + 2-Di 

0x8 

columns, W s — • ; when T is the side or least thickness in inches. The values of for 

1 + r^ 

different woods are here given ;— 

Teak 4*5 

English oak 4*0 

Baltic oak 8*7 

Beech 80 



Oanadianoak 2*9 

8panish mahogany 2*5 

Baltic fir 2*9 

American pine 24 



When the pillars are of angle iron, tee, channel, or H section, the values of and F in Qordon's 

1 
formula are = 19 and F = ^ 

The following facta obtain with regard to long columna. The addition of disca to caat-inm 
oolumna, affords practically no increase of strength. Long cast-iron pillars, with both enda 
rounded, breeJE only in the middle. With both enda flat, they break at the middle, and near each 
end. With one end rounded, and one flat, they yield at about one-third of the distance from the 
rounded end. No additional atren^th ia given to hollow pillars, by enlarging the diameter at 
the middle, but a alight increaae la g^ven to aolid pillars, especially if the ends are rounded. 
Solid aquare pillora break tranaveraely, in a direction nearly parallel to their dlagonala. If a long 
pillar ia ao inaecurely, or defectively fixed, that the line of pressure lies in the direction of the 
diagonal, instead of the axis, its strength is only one-third of that which it would be, if properly 
fixed. The strength of similar lon^ pillars is nearly in the nitio of their transverse section. As 
an example. What ia the breaking weight of a hollow caat-iron column, having a length 
of 10 ft., and external and internal diametexa of 4 and 8 in. reapectively ? By the formula 

W =s 44 — =-7-7 — = ^ - — WK = 83*6 tons. 

L**' 50 

An intermediate pillar, if it ia of caat iron or timber, is one whose length ia leea than thirty 
timea ita diameter, and if of wrought iron, leaa than aixtv timea the diameter. To find the 
breaking weight of an intermediate solid pillar, with both enda flat and fixed, let W = the 
breaking weight found b^ the formula for long oolumna, A the aectional area of Uie pillar in inchea, 
O the coefficient of cruahing, and W| the breaking weight in tona of the intermediate pillar, then 

W A O 

^1 = ^ ^ • The strength of intermediate pillars with flat ends varies from three 

W -{' 0*75 A O 

to one and a half timea that of thoae with rounded enda, or less, according aa the number of timea 
which the length exceeda the diameter, ia reduced. The atrength of thoae with one end round and 
the other flat, ia nearly an arithmetical mean between the atrengtha of the other two, whatever 
their proportion might be. A alight inequality in the thickneaa of hollow pillara at different 
parte doea not much affect the atrength. If the apecified thickness be put equal to T, then the 
range lies between 0*75 T and 1 '25 T as the extremes. The relative atrengtha of long aolid pillars 
of different croaa-aeotiona, but having the same length and weight, and of the same quantity of 
material, are square pillar = 0*93; round = 1*00 ; and trianguLur = 1*10. In hollow pillara of 
wrought iron, when the proportion of length to width ia aa 15 or 20 to 1, the atrength la practi- 
cally independent of the length. Bound tubular pillara of wrought iron are stronger than those 
of a rectangular form, the thickness of both being uniform. The strongest form of timber pillar 
is the aquare, the quantity of material, and the length being conatant If L be the length 

D* 

of a long, round, or aquare timber pillar, and D the diameter, the atrength is nearly aa vi * ^^^ 

the material absolutely incompressible, the strength would be represented by that proportion, 
which is the equation of Enler. 

In the experiments made on stones of different kinds, the strongest were found to be the 
baaalts, slates, and prim»y limestones. Sandstones vary considerablv in atrength. It appears 
from the experimenta of Vicat, that if a column ia built up with only horizontel jointa, that ia, 
each stone constituting a courae in itaelf, ita crushing atrengfth ia nearly the aame aa if it were a 
monolith. The beda and jointa are aupposed to be the best of the kind. The strength of cylinders 
in motion, between two horizontal planes, is proportional to the product of their diameter and 
axis. The strength of spheres to resist crushing, is aa the aquare of their diameters. Moreover, 
repreaenting the atrength of a cube by unity, that of the inacribed cvlinder on ita base will be 
0*80 ; that of the aame cylinder on ita aide 0*32, and that of the inacribed aphere 0*26. When a 
body undergoea a atrain of compreaaion, when it ia inclined at an angle to the horizon, the atrain 
upon it ia greater than when it la in a vertical poaition. Generally, the equation ia, putting W for 
the load, B for the angle of inclination to the horizon, and S|*for the actual atrain, 8, = W x coeeo. 0. 

7s 
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The strength of braced pillars is, within certain limits, independent of their length. R B. Stoney 
concludes, from an experiment made on one of the braced struts of the Boyne Viaduct, that the 
strongest form for a hollow rectangular pillar, is that in which the greater part of the material is 
collected at the angles, in which case, the angles act similar to the flanges of a girder, and the thin 
plates as the web. 

Terisile Strength of Materials. — ^The strength of materials with respect to a strain of tension has 
now to be considered. The tendency of a strain of tension, upon any materia], is to pull it perfectly 
straight from end to end. It is independent of the length of the body, constant throughout it, and 
inversely proportional to the sectional area, provided the area is uniform, and the same precautions 
are observed in the application of the strain, as in the case of bodies under compression. If T is 
the coefficient of the ultimate tensile strength of 1 sq. in. of any material, and A its sectional area, 
then the breaking or tearing weight is equal to A x T. A bor under a strain of tension, in com- 
parison with one under a strain of compression, may be said to be in a state of stable equilibrium, 
while the bar under compression is in a state of unstable equilibrium. If we imagine a bar in 
tension' to be deflected by any extraneous force, the tendency of the strain acting upon it is to pull 
it straight again, and to restore it to its original condition of equilibrium. But if a bar in compression 
is placSl under similar circumstonces, the tendency of the strain upon it is to increase its deflection. 
The operations of the furnace and the foundry have a very considerable influence upon the tensile 
strength of cast iron. Considered as a material for construction, cast iron is not suited to undergo 
strains of a tensile character. Wrought iron and steel are to be preferred to it in all cases. With 
respect to the tensile strength of these two materials, the results arrived at by Kirkaldy are exceed- 
ingly valuable. From them we learn that the breaking strain of both wrought iron and steel is no 
certain test of their quality. The true test is to be found in comjMiring the breaking weight with 
the contraction of area at the time of fracture. The popular opinion that a rough bar is stronger 
than a turned one of the same sectional area, is a fallacy. 

Wlien iron is broken suddenly, it always presents a crystalline appearance, but when slowly, a 
flbrous one. The more iron is rolled and worked, the less likely it is to break suddenly. When 
steel is fractured suddenly the appearance is granular, and devoid of the brilliancy which attends 
the fracture of wrought iron under the same conditions. When it is broken slowly, the appeamnoe 
is flbrous and .silky, and the line of fracture is not at right angles to the length. Steel is reduced 
in tensile strength by being hardened in water, but greatlv increased in both tensile strength and 
toughness bv being hardened in oil. The specific gravity of a specimen is a good test of its quality. 
Instead of the density of iron being increased by the process of wire drawing and cold rolling, as 
supposed, it is decreased. The strength of iron plates, when stretched in the direction of their 
length, is about 10 per cent, more than when stretched at right angles to the length. Bars are 
stronger than plates, although the difference appears to depend, in some measure, upon the scantlinp^ 
of the bars. Annealing iron diminishes its tensile strength, but at the same time improves its 
ductility and toughness. When old chains are bought to be used again, they should always be 
annealed. When commencing the erection of the Albert Bridge, the contractor's engineer, F. W. 
Bryant, had every chain and rod of iron passed through the flre before employing them in the 
works. The use of steel is not so general as it ought to be, considering the great tensile and com- 
pressive strength of the material. This is owing to the great uncertainty that attends its manu- 
facture. In a given number of specimens, some are all that could be wished, while others are so 
hard and brittle that they are of no use whatever. Manufacturers should bear in mind that great 
tensile strength is not always the chief desideratum in a constructive material ; other qualities^ 
such as ductUity and toughness, are frequently of quite as much, if not of more, importance. . 

Tablb III. — GosFnouKTB or Ultimate, ob Tbabu^o, Stbenoth in Lb& a Squabb Inch. 



MatoriaL 

Acacia 

Alder 

Ash, average 

Beech 

Birch, American 

Box 

Brass, oast 

„ wire 

Brick 

Brickwork in mortar . . 
„ „ cement .. 

Cedar 

Cement, Portland 

„ Roman 

Chestnut, Spanish 

Copper, bolts 

oast 

sheet 

wire, not annealed .. 
„ „ annealed .. 

Cordage 

Deal, ChristiaBa 

Elder 

Elm 

Freestone, Craigleith .. 



n 

n 
n 



Value of 
Coefficient. 

16,000 

13,900 

16,000 

11,350 

15,000 

20,000 

18,000 

91,000 

290 
50 

280 
11,200 

270 

190 
13,300 
47,900 
19,000 
30,000 
77,500 
32,100 
8,600 
12,000 
10,000 
13,650 

450 






Material. 

Fir, red pine 

„ spruce 

Glass, flint rod 

common green . . 
white crown 

„ plates 

Gun-metal 

Hornbeam 

Iron, oast 

wrought rolled bars 
„ plates 
„ wire 

Jugeb 

Larch 

Lancewood 

Lead, cast 

„ sheet 

Mahogany, Spanish 

Maple 

Marble, Italian 
Mortar, ordinary . . 
Oak, American red 
Black bog 
Canadian 
English .. .. 



n 



n 






»» 



Valae of 

Ooefficfent 

13,000 

12,400 

2,400 

2,900 

2,500 . 

5,000 

36,300 

20,000 

16,550 

57,500 

50,700 

85,000 

18,500 

10,000 

23,400 

1,820 

1,920 

16.000 

10,500 

720 

50 

10,250 

7,700 

10,000 

17,000 
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Tabus III. — GoEmoiiKTS of Ultimate Strength — oontmtied. 
ftAriAl V^eof MnMH-i Value of 

Pine, pitch 7,650 i Teak, Indian 15.000 

„ red 12,000 I Tin 4,750 

„ yellow 11,000 t Walnnt 8,130 

Poplar 5,500 ! Whinatone, Scotch 1,450 

Steel, bars 97,800 ! WiUow 12,500 

„ plates 85,150 Yellow metal, patent 49,200 

Slate 11,200 Yew 8,000 

Sycamore 13,000 i Zinc 7,700 

Teak, African 21,000 I 

In Table III. of the valne of T, the coefficients of the tearing strain of different materials, the 
coefficients for the Tarious kinds of timber are calculated on the assumption that the strain is 
applied in the direction of the length of the specimens. It is nedessary to observe this distiuction, 
as the tensile strength of timber, when the strain is applied across the grain, is very mnch less 
than when it is applied in the direction of the length. For instance, the tensile strength of fir is 
reduced to 690 lbs. ; that of larch to 1335 lbs., and that of oak to 2300 lbs. for each square inch 
of section. 

Chain (kMe$, — Of all bodies subjected to tensile strain, chain cables are those which are most 
severely tried. There are three principal kinds of chains and chain cable, including close-link 
chain, stud-link chain, and long-link chain without studs. Upon the authority of lirown, Lennox, 
and Co., the average breaking strain of stud-link chain of ^)od Quality is equal to 17*28 tons a 
square inch of each side of the link. In converting a bar into a link, it loses more than> 30 per 
cent, of its original strength. The Government proof test for stud-link chains is equal to if* 50 
ions a square inch of each side of the link. The Admiralty proof test for dose-link chain is 
equal to 7*60 tons for the same unit of area. A dose-link chain, having a diameter of 1 in., is 
as strong as a machine-made rope, having a girth of 10 in., their relative weights being ns 3 to 
1 nearly. With respect to lonp^-link chains, Stonev observes, ** The links of long-link chains are 
not oval like those of a stud-cham, but parallel-sided, and an open-link chain, of the same length of 
link as a stud-cbain. is lighter by the weight of the studs. It is suited for moorings of a permanent 
character, such as those of harbour mooring buoys, beacon buoys, or light-ships, which are seldom 
shifted, and where consequently flexibility is a secondary object. Besides its oomparative light- 
ness, long-link chain has another advantage over either close-link or stud-chain, for each 15- 
fathom length of the two latter requires long open links at the ends, for the purpose of connecting 
it by shackles to the adjoiuing lengths, and if one of these chains break, a whole length must be 
taken out, since there is not room for a shackle to pass through the ordinary close-link or stud- 
link. When, however, a long-link breaks, the links adjoining the fracture can be connected 
together, without taking out a whole 15-fathom length, as a shackle will pass through any of the 
long links. The Admiralty proof for large open long-link chain without studs is 815 lbs. a 
circular ^ of an inch, or one-half the proof of stud-chain." The proof test, used by the Trinity 
Board, for cable chaius intended for moorings, is equal to 8*50 tons a square inch of each side of 
the link. A link is also cut out, here and there, to show the Quality of the iron, as the resistance 
to a tensile strain is no proof of the tougliness and other desirable qualities in the material. 

As to the comparative strength of stud and dose-link chains. Brown, Lennox, and Co. remark, 
^ We are not of opinion that studs increase the strength of chain, or enable it to bear a heavier 
ultimate breakingstrain, than if made without them, both descriptions bein^ made of the same 
length of link. The object of their being used is to prevent collapse of the hnk, which, in open- 
link chain, takes place at a strain considerably below the breaking strain, and, of course, renders the 
chain unserviceable. They thereby enable chains made with them to be used for heavier stmins 
than open-link, but do not add to their ultimate strength ; indeed, firom the experiments we havo 
tried, and the experience we have had, we are inclined to believe that the Unk without stay pins, 
almost invariably breaks at a higher strain than stud-chains. The proof for studded chain is the 
higher, only because a sufficient proof cannot be given to open-link chain before the link spoils 
its form and becomes rigid. The stay prevents collapse, by which the link is prevented elongating 
so much, and taking its natural position, before its utmost power is exhausted, and a break ensues. 
The link, if sound in the workmanship, will nearly always break near the stay pin, which is 
caused by the nip across the stay pin. If made without stays, it will collapse until it is rigid, and 
the iron will reach as near as possible the direct line of the strain, or right through the centre of 
the chain ; the sides of the link will incline inwards, and the break will ensue at the nip across 
the crown of the next link. In connection with the subject of tensile strain, there is a curious rela- 
tion between it and the pitch of musical notes in a piano, or other stringed instrument. Let W be 
the straining weight in lbs. ; W, the weight of wire between the bridges ; L the length of the 
wire in inches ; V the number of vibrations in a second, and N the number of inches in a second's 

pendulum: then W = ^ ^ ^* J? ^ . 

WOfred Airey has app|idd this prindple to ascertain the tensile strains in the bars in the web 
of bowstring girders. The process by which the tensions were ascertained is both novel and 
ingenious, and is as follows ; — ^The ties in the model girder were constructed of thin steel wire, and 
on being sounded gave a good resonant musical note. Advantage was taken of this to compare the 
note of any given string in the girder, with that of a free string suspended in a frame made for 
the purpose, and the length of which could be adjusted, so as to equal that of the string in the 

g'rder under comparison. The length having been adjusted, a small scale span was suspended 
3m one end of the free string, and weights graaually placed in it, until the note of the free string 

7 N 2 
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oxactly coincided with that of the string in the girder. This was determined by ear with the 
greatest accuracy, the effect of 0*5 oz. in 80 oz. tieing clearly perceptible. Consequently tiie 
tension of the string in the girder was measured by the weight in the scale pun of the free string, 
and this was done for every string in the girder. The determination of the thrusts, which first 
appeared a great obstacle, was reduced to that of determination of ti-n^ions by the following 
expedient ; — It was observed thut the effect of a uniformly distributed load was to throw all the 
stnngs into tension. The girder was therefore loaded with a heavy uniform load, and the 
travelling load was then applied in addition. The effect of this travelling load would be to 
increase the tension of some of the strings and to diminish that of others, but so long as the tension 
on every string, produced by the stationary load, was greater than the thrust produced by the 
travelling load, the string would remain in tension, and its tension could be estimated as described. 
Consequently it will be seen that the recorded tensions and thrusts, which would be produced by a 
single weight at various distances along the girder, are the results of a differential process. Tlius 
a uniformly distributed load is applied on the girder and the tension of every string ascertained. 
Then a travelling weight is introduced in addition, and hung at a;iy one point, and the tension of 
every string is again token. The difference of tbe tensions in the two oases of each string, is taken 
as the thrust or tension of the string produced by the travelling loadi 

Transverse Stram, — Of all others, transverse strain is that with which we are most familiar. 
All materials are comparatively weaker when exposed to a transverse strain, than when sub- 
jected solely to either a tensile or compressive strain. This ma^ be possibly due to the more 
complicated nature of the strain, although its actual results, which are the important points to 
the engineer, are devoid of all complexity. In the action of transverse strain, strains of both tension 
and compression are developed in the body, and the phenomenon of deflection comes also into action. 
If a beam rests upon two supports at its extremities, and a weight is placed at its centre, the l)eam 
will have a tendency to deflect It has not been determined, with respect to any material, what is the 
sm&llest weight which would cause an incipient flexure in the beam. The same result will ensue if 
the beam \b flxed at one end and a weight attached to it at the other, as shown in Fig. 5382, an 
inspection of which will point out that the flbres of the 
upper or convex surface, A B, are extended, while those 
on the lower, or concave, D, are compressed. Between 
those two surfaces there must evidently be a line, or layer 
of flbres, which are neither extended nor compressed, but 
which remain, so far as their length is concerned, quite 
unaffected by the strain. The exact position of this line 
£ F, or of the layer of unaffected fiores, is, in some in- 
stances, a work of great labour to determine, but its 
approximate position, in those forma of beams and girders 
usually met with in practice, can be ascertained sufficiently 
accurately for all practical purposes. If a horizontal plan is drawn through the line E F, so as 
to leave exposed a plan of tne layer of invariable or unaffected fibres, then that plan represents 
the neutral surface of the beam, since it contains all the fibres unaltered in length. Tbe line £ F 
is therefore the longitudinal elevation of the neutral surfaoe, or the line representing the curve of 
the unaffected fibres. If a oross-seotion of the beam is made at any point, it will cut the neutral 
surface, and the intersection will give the line E F in Fig. 5383, which is the neutral axis of the 
cross-section A B C D of the beam. Very great influence upon the strength of a beam is exer- 
cised by the position of the line E F, in the orossHBection, and the arrangement of the material 
relatively to it, determines the proper forms to be adopted for girders. A vertical longitudinal 
plane, M N, in Fig% 5384, drawn through the centre of the beam, will intersect the neutral surface, 
and cut all the neutral axes in the point P, whic^ may be called the neutral point for any given 
section. The relations between neutral surface, line of ourye, and neutral axis, are those of plan, 
elevation, and section, as shown in Fig. 5885. 
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The strainine weight ia supposed to act at right angles to the longitudinal axis of the beam, both 
before and after bending takes place. Mathematically speaking, it cannot fulfil both these condi- 
tions, but if the first is ensured, the second may be assumed to be so also. If, moreover, the 
resistance of the material to tension and c(»npre8sion is considered identical, which may be safely 
done within ordinary limits, the position of the neutral axis in any crosa-section of a beam, will coin- 
cide with tite position of its centre of gravity. Consequently the neutral axis of idl the cross-sections, 
or the neutral line of all symmetrical beams, will pass exactly through their centres, and the neutral 
line and the longitudinal axis will coincide. The law with regard to the arrangement of the par- 
ticles about the neutral axis, independently of the nature of the materials, is that each particle, or 
each layer of fibres, exerts a resibtance against a transverse strain, in direct proportion to its distance 
from that axis. Generally if x is the resistance of any particle situated at a distance y, from the 
neutral axis, and x^ that of any other particle at another distance y,, then their respective moments 
will hex xy and x, x ^j. The conclusion to be deduced from this fact is that all the material 
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•hould be ptsMd ai far as poaaiblo from the oeutral axis, > ronditlon whioh, when rarntd out. giva 

riae to the ordinary fiangal a;inli!i. If in the solid b«uD A B C D, ia Fig. 6386, the materiel ncsr 

the oeotre U tranafeTrLil to the lop and bottom, the result is the flanged giidor, ^^ 

in wbieh eTory layer of particlea in tlje flanges acta witb nearly tirice the amount , ^"^ 

of resiataDce in the soliii beam. The example shown io Fig. S3S6 is not to le 

ngarded m indkBting the beat method of cnnverting the solid beam into a 

fiuiged girder, or as the beat fonn of girder, but merely as an iltuatratjon of (he £. 

uaniMr in which the antuigement of the material, with referonou to the neutral 

•xia, tHeeta the strength of the body. The correct ratio of the dimensions of the 

top and bottom flanges MspeotiTely, depends upnn the nature of the material, r 

and its ultimate ronstanre to the bevuibI strains of tension and eompression. 

It w«s sappaaed that the neutral axis in beams and girders exposed to transrerae straJD, sliifled 
its poeitioD, bnt the mictoscopiciil eiaminatioua of Barlow and those of Brewster donmutntted the 
oontrwy. Very reeently the same result has been arrived at bv Niokeraon, an engineer at St 
Louis, who mode a series of experiments, similar in character to Iboee of Brewster. He emplinred 
the principle of the polarization of light, and his apparatus oonsiited of a polarizer formed of glass 
plal«8, an analyser of plate gUas blazoned on one aide, and a kind of vice oF bronze provided with 
n Borew, by mama of which a abain of either compreaaion or tenaioo could be brought upon tbe 

rimenB of glass under experiment. In Brewster's experiments polarized light was tranamilled 
Dgh a small rectangolar glaaa gitder abont 6 iu. in length, l| m. in breadth, and rather more 
than a quarter of an inehin thioknees. When the girder deflected under tranaTKse Ktraio, 
the neatrkl axis maintained its position in the oenirt, while above and beknr it the evidence of 
■iTBln was readered manibat b^ coloured curved lines. The ^laaa pieoea in Mickenoo's experiments 
befbre being submitted to strain appeared black, since polarized light does not tniverae glass in its 
noriBB) conoltioii, that \A, when unacted on by strain or pleasure, but ao soon w they were placed 
in the viot^ and the screw bronght into action, two bright bends or lines anieered on either side of 
the oeatrcs enoloslng a dark apace. As the intensity of the preaanre was indeased, the edgea cf 
IhsM faaads beeuue more clearly defined, and ultimately took the form of dtstiaot curved lines, 
eiwreqioiiding to tbe lines of equal reaistanoe. They increase in number and brilliancy in the 
direct ratio of tbe strain, and as they^ Incrense so does the includod dark space diminish. The 
observations prove that the nentral aiis is a flexible line which, in a reotangnlsr girdtv, remains 
parallel to the npper and lower surfaces, and passes through the centres of gravity of the several 
oross-seotions only when the load is uniformly distributed over tbe wh(4e length of the girder, or 
when tbe length la infinite. On the other hand, when the pressure ia local, which is tantamount lo 
a load not UDLformly distributed, the neutral axis is more or less influenced in ita poxition and form, 
(nm tbe point of the anpUcation of the partial pressure to each point of support. In glass gitdera 
in which tbe length ia fourteen times the thiokness, the neutral axis ia practically liorizontaJ, and 
even when tliis pronotiou is as 10 to 1 the departure from the horizontal tine is barely more then 
just appreciable. It is remarkable that tbe undulations of the polarized light ai« limited to two 
direotuns at right angles lo one Ktother, and that in every experiment two images eort«sponding 
to these two dirsotions were pradtMed by rotating tbe analyser thiongh an angle of 90°. Ntckerson 
terms one of the«e the potitive and tbe othar the n^ative image. These images evidently repre- 
SMit the two desoriptions of resMttans, perpendicular to one another, which are developed m a 

rer or column when subjected to itraiu. They may be considered aa the shearing atrain and 
longitudinal stmins of tension and oompression developed in the flanges of a girder, ainoe each 
image increased in brilliancy aa the atram to which it corresponded was augmented. 

A transparent column submitted to a strain of compression presents a aeries of coloured rings 
which, when the oolumnia of glass, are congregated iu number from three lo six at each end. When 
a aoftv material, snob as copu, is employed, the column is covered with coloured bands, extending 
from one end lo the other. It ia to be noticed that the blue aud red banda are always separated ^^ 
a dark apaoe, as in the case of girders, which indicates that this portion of the oolumn is eithw 
free from atrain, or that there tnia existing forces equUibivte one another. Before discovering the 
meaning or the coloured bandar Nickerson made severel experiments upon cubes of copper, of which 
the length was !{ in., the external and internal diameters 0'15 in. and 0'85 in. rcapcctivvly. 
These tnbea aolTered detoiutioa under preasnre, and when cranpressed until the;r assumed a per- 
manent shape, they presented a aeries of protuberant rings separatod by a uniform space and 
resembling waves. Steel tabes gave similar results. The practiratl conclusions to be drawn frton 
these experiments is, that the strength of hollow columns can be considerably increased by 
furnishing them with rings or diaphragms, placed at the points which coneepoud to the poaition oif 
tbe waves in the permanent dcformatioB. 

It has been already stated that the resistance, and eonsequently the strain, upon any two 
flbree of a l>«^ is proportioral to their respective diEtances from uic neutral axia. From this 
can be readily deduced the total moment of atrain upon any beam. Let F be the strain acting 
upon any fibre, having an area eqnal to unity, at a distance z from the neutral axia. The strain 
upon any other fibre having also an area equal Iq unity, and situated at a distance y from the aiui, 

will therefore be eqnal to , and if Its area have any value snch as a, the total atrain upon it 

will be equal to . The moment of this strain Dpdn the fibre will be equal to the product 

of the above faction, and the perpendicular distance the fibre Is from the neutral axis, wbieh 

equals y, and therefore the moment of the strain equals — - . If wo extend this oqnaliou 

to all the fibres in the cnMS-aeotion of the beam, and oalling U the total moment, we have 
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M = - lay*. Bat I a y* equals the moment of inertia of the beam of the given oroflB-Beotion, 

• F X I 

which is usually represented by the letter I, so that by substitution in the equation M = — - — 

The determination by mathematical analysis of the values of I, does not belong to the present 
subject, but in Table lY. Uie values of I are given for beams of different croes^eotions. 

Tablk rV. — ^Valueb of I. 

Fonn of Section. Valve of I. 

BD» 

Solid rectangle 



Hollow rectangle 



12 
BD»-B,D,» 



12 

B* 

Solid square -r^* 

B* — B/ 

Hollow square — 

Solid eirde -j- • 

TTii 1 ir( B<-B,0 
Hollow circle — ^ — • 

Flanged girder, omitting strains in ^Al5!. 

the web A + A, * 

Flanged girder, including strains in / . , A,\ . , / ^ , A,\ , 

theweb .... .. \^ + T/'^'*'\^»"*"TJ^" • 

Flanged girder, including strain in (6 A + A,) D* 

the web, with equal flanges .... 12 

Solid elliptic beam ' 



Hollow elliptic beam 



4 
»(BE,«-E,B,») 



In Table IV. the letters have the following values ;— B = breadth 

of beam, or side of the square ; D = depth of beam ; A = area of ^„ 

top flange, A| = that of bottom, A, = area of part of web above the ' 

neutral axis, and A, that of the part below it ; £ = horizontal semi- >;^ 

axis, Ej vertical semi-axis. Having obtained the value x)f the total >| 

momeut of resistance of a beam, or the moment of the interior forces, ^>^ 

we have now to flnd that of the exterior forces, and by equating the . ;\' 

two, we can arrive at an expression for the breaking weight for each ^^ 

particular form of beam. In Fig. 5387. let A B C E be a solid beam, £:^ 

fixed at one end A E, and unsupportea at the other, at which there f- 

is a weight W suspended. It is required tO find what must be the ._^ 
value of W to break the beam at the line F G. Evidently the force 
tending to break the beam is equal to the weight multiplied by the leverage, equal to W X I 

The force resisting this tendency is the moment of the interior forces = M s . As these 

X 

F X 1 

two forces make equilibrium at the line F O, the equation is W X / = . Taking F to repre- 

sent the ultimate strain on the unit of area, and to have its tuRTimnm value, which it has when 
x= -^ , the equation can be put in a more useful form. Beferring to Table lY. for the value 

of I, for this kind of beam, we have I = -j^. Substituting this value, and putting « = ~ , we get 

F X BD* 

W = — — . As on example. What weight situated at the end of a beam of teak 10 ft. in 

length, similar to that in Fig. 5387, and 12 in. deep and 4 in. broad, will break it across? From 

12050 X 4 X 12 X 12 
the equation W = - -^^ — ^^ = ^^^ ^^ ^ o^^er therefore to calculate the breaking 

weight of any solid beam of any particular form in the position in Fig. 5387, the general formula 

F X I 
is W = , and by substituting the values of I and x, the calculation for each can be made. 

(XX 

From this equation is derived the rule for detormining the strongest beam that can be cut out of a 
round log of timber. Let A B C E, in Fig. 5388, be a round log, out of which it is requiied to 
cut the beam inscribed, of maximum strength. These conditions are fulfilled when B D' is a 
maximum, and also in the diagram, when G B* = B' + D* = also a maximum. Differentiating, 

we obtain from the first of these t^ = — — - , and from the second tf: = — 7; , whence 

du D dV B 
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B = 



D 
BO 



Geometrically, this may be done as follows ;*— Draw any diameter CB, make 



BF = -^ , and draw F A perpendioolar to BO, to meet the oinmrnferenoe in A. Join A B and 
3 

AO, and complete the parallelogmm. 

6388. 6388. 6390. 

F 






The next case to consider is that of a similar solid girder loaded nniformly, as shown in Fig. 
5389. What is the breaJdng weight at any point F G ? It is evident that uie weights situated 
between the line F G, and the fixed end of the beam, have no tendency to fracture it at that line. 
Also^ the snm of the weights situated between the line F G, and the free end of the girder, may be 

considered to act at their centre of gravity, that is at a distance equal to ■= . Let W = the sum of 

W/ 

these weights, then -^ is the force tending to break the beam at F G. Equating this as before, 

with the value of M, we huve - - = — ^ , from which W = ~ — . Since the strength 

of a beam is directly as the q|uantity B D', and inversely as the value of /, a beam of uniform 
strength need not be also of uniform area, as will be seen hereafter. The next general case is that 
in which a solid beam is supported at both ends, and loaded at any point, as in Fig. 5390. Put 
W for the weight which would break the beam at anypoint F G, L for the span of the beam 
between Bup|)ort8, a and b for the segments into which W divides the heatm, and / for the distance 
of F G from the support, which is the farther from W. On the principles of the lever, Uie force 
tending to break the beam at F G is the reaction of the support at E, mifltiplied by the leverage, 

or the distance /, which is equal to = . Putting this equal to M, and since M = , 



we have 



Wxax/ Fxl FxBD«xL 



weight at that point will be, W = 



6a/ 
2FBD* 

3L 



If the weight be at the centre, the breaking 
for in that case a = / = — . The same calculation* 



can be made for any other form of beam, by substituting the proper values of I in the general equa- 

F X I 

tion M r= . The last case to be considered is that of a solid beam similarly situated as the 

X 

last, but loaded uniformly over its whole length, as in Fig. 5391. Put L for the span of the girder, 
W for the total load, and a and 6 for the segments into which the line F G, where the breaking 
strain is required, divides the beam. The forces tending to fracture the beam, are the reaction 
of the supp^ at A, multiplied by the leverage, minus the weight of the part of the load situateil 

between F G and A, also multiplied by the leverage. The reaction ss -^ = — - when w = load 

per foot run of the beam, and the leverage = a. The 

other force equals wax x^ -^ , so that the equation 



639L 






tcLa 



W 



u>a* 
"2" 



wa(L — a) 



to = •=- , so the equation becomes 

Li 

this equal to M, we have 



But L — a = 6 and 
Wxa x6 



2L 



Putting 




Wxax6 -- Fxl FxBD» 
■ = M = = 



Solving, we obtain W = 



since a:=b= ^ 



2L 

FxBiyL 

9ab 



X 12 x X 

4F BD* 

If the breaking weight be at the centre, W = — j^ » 



^ . Accordingly as we vary the breadth or depth of beams of uniform strength, so 

will their section vary. 

The effect of va^ng these dimensions, upon the plan and elevation of beams of uniform 
strength, is shown in Figs. 5392 to 5403. The depth is supposed to be constant in Figs. 5392 to 
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5397, and the breadth in Figs. 5398 to 5403. The former serioB of figures will oonBeqiienily repre- 
Bent the plan and the latter the elevation of the different beams, which are aa follows ; — ^Fi^i. 5392, 

5398, a solid beam fixed at one end and loaded at the other. Figa 5893, 5399. a solid beam or 
flan^ girder, fixed at one end and loaded uniformly. Figs. 5394, 5400, a solid beam supported 






6396. 





6S99. 



5398. 



6309. 






640L 



6403. 






at both ends and loaded at any jjoint F. Figs. 5395, 5401, a solid beam or flanged girder sup- 
ported at both ends and loaded uniformly. Figs. 5396, 5402, a flanged girder flxedat one end and 
loaded at the other. Figs. 5397, 5403, a flanged girder supported at both ends and loaded at 
any point F. When the depth is constant, the plan will yary, and when the breadth is 
constant, the elevation. If the strength of a beam, fixed at one end and loaded at the other, be 
represented by unity, that of a similar beam, loaded uniformly, will be represented by 2 ; that of a 
similar beam, supported at both ends, and loaded at the centre, by 4 ; ana that of a similar beam, 
supported at both ends, and loaded uniformly, by 8. A more convenient, and more practical 
metnod of calculating the strength of solid rectangular beams, is by using a constant, derived from 
actual experiment on beams exposed to transverse strain. Let C = this constant. Put W for the 
breaking weight in lbs., A for the area of the beam, D for its depth, and L for the span, all in 
inches. Then for the four class of beams we have been considering, taking them in the same 

xrr AxDxC ^ 2AxDxG ._ 4AxDxO _ 8AxDxO 
order, we have W = =- ; W = =- ; W = ; W = =- • 

The constant 0, which is termed the modulus or coefficient of rupture, is determined by actually 
breaking a beam of given dimensions of the given material, and of a similar form to that, the 
strength of which is required. The values of G for various materials are given in Table Y., and 
they are the breaking weights of solid beams fixed at one end and loaded at the other, whose breadth, 
depth, and length are each equal to 1 in. The general formula for the breaking weight at the 

A X P x O 

centre of any solid beam or flanged girder is, W = = , in which A is the area in inches 



L the distance 

6404. 



of the solid beam, or the area of the bottom flange of the girder, D the depth, and 
between the supports in inches, W the breaking weight in tons, and a con- 
stant, also in tons, derived from experiment upon a similar solid beam or flanged 
girder. The value of for ca&t-iron beams of the best form, as shown in Fig. 5404, 
IS 26 tons. Example, — What is the breaking weight of a cast-iron girder 20 ft. 
in span, 18 in. in deptli, and having the lower flange 15 in. broad by U in. thick ? 

22*5 X 1*5 X 26 
By the formula W = =43-87 tons. The area of the bottom flange 

is to that of the top as 6*5 to 1. In the application of this formula to the beam 
in Fig. 5404, the value of the vertical part of the beam or web is not taken into 

consideration. Another formula in which its value is included is W = -^^ — ^pr— -I-^- , in which 

3 X D X L ' 

W = breaking weight in tons, L = span in feet, and the other dimensious in inches, 6 = breadth 

of bottom flange, d = whole depth, 6, = thii^ess of web, and d, = depth to the inside of the 

bottom flange. The former has the advantage of simplicity, and is that usually employed. 

Instead of the breaking weight, the practical problem to be frequently solved, is to flnd the actual 

strain upon a girder at any given point, resulting from a weight or weights placed at other points. 

To take the simplest case, let A B £ in Fig. 5387 be a flanged girder, fixed at one end, «nd loaded at 
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any point H R with a weight W,. Let L = total length of girder, D the depth, and x the distance 
of the wei^t W| from the line F G, where the strain is reanired. The foroe tending to produce 
mptnre at F G is the weiglit multiplied by the leverage, which equals W x x. The foroe tending to 
resist rupture is the strain in either top or bottom flaiige multiplied by the leverage, which equals 

8xD. Equating, Wi xar = 8 X D, and 8= —A=r — . If the weight be situated at the end of 



W X / 

the girder, x = i; and 8 = ^ 



If the line H K be situated at A £» the leverage is a maxunum, 



wad the strain also^ which is 8 = —^ — 



This horiiontal strain 8 is equal in each flange, is 



tensile in the npper, and compressive in the lower. To find the strain at any point, when tlicgirder 
is uniformly loaded with a weight W, we proceed as follows ;— In Fig. 5389, let A B E hd the 
girder uniformly loaded. It is required to find the strain at any point FG. The forces on the one 
sideare the sum of the units of weight situated between the line FG,and the free end of the girder, 

multipUed by the leverage, which is equal to half this distance, equal to ^ , and that on the other, as 

in the former example. Putting to for the unit of weight and equating moments as before, we 

have^^-| — = 8D,aBd8 = !^^. WhentheltneFGooinoldeBwithAE,to x / = W,and/ = L, 



and 8 = 



WxL 
2D 



Tablk y.— Moduu or Bcptdbb dt Lbs. a Squabs Inob. 



n 



Acada 1,867 

Ash, American 1,795 

„ swamp 1,165 

„ black 861 

English 2,026 

Beech, American white 1,380 

„ ,« red •• 1,789 

„ English .. 1,556 

Birch, American blacK 2,061 

„ „ yellow .. .. 1,835 

„ English 1,928 

Box, Australian 2,445 

Bullet-tree, Demerara 2,692 

CabacaUv 2,518 

Canada balsam 1,123 

Cedar, Bermuda 1,443 

„ American white 766 

„ Guadaloupe 2,044 

Crab, Demerara 1,875 

Deal, Christiana 1,562 

Elm, Canada 1,970 

„ English 782 

Fir, Mar forest 1,232 

„ spruce 1,346 

„ American black 1,036 

Greenheart, Demerara 2,615 

Hemlock 1,142 

Hickory, American 2,129 

„ bitter nut 1,465 

Iron bark, Australia 2,288 

cast, small bars 7,616 

„ large „ 5,040 

„ small round bars .. 4,480 

wood, Canada 1,800 

wrought, new bars 8,557 

bent and straightened 12 , 500 

new round 5,040 



•I 

•J 
n 



n 
n 



Kakarall, Demerara 2,379 

Larch, American 911 

„ English 1,335 

Lignum vitA 2,018 

Locust, Demerara 8,430 

Mahogany, Nassau 1,719 

Mangrove, Bermuda black .. 1,699 

., „ white .. .. 1,985 

Maple, soft Canada 1,694 

Norway spar 1,474 

Oak,Adruktic 1,471 

African 2,528 

American live .t .. .. 1,862 

„ red 1,687 

„ white 1,743 

Dantzic 1,518 

English 1,694 

Italian 1,688 

Lorraine 1,483 

Memel 1,665 

Pine, American red 1,527 

pitch 1,727 

white 1,220 

., yellow 1,185 

Archangel 1,370 

Dantzic 1,426 

Memel 1,348 



n 
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Prussian 

Riga 

Virginia 



n 

Poon 

Sneeze-wood, South Africa 
Spotted gum, Australia 
Stringy bark, Australia 

Teak 

Walaba 1,643 

Tellow-wood, West Indies .. .. 2,103 



1,445 
1,383 
1,456 
1,954 
3,305 
2,006 
1,818 
2,108 



The behaviour of Greenheart, when subjected to a crushing pressure, differs so much from that 
of other woods under similar conditions, that it deserves to be noticed. The Demerara, or English 
Guiana Greenheart, is the Lauras chloroxylon of botanists, and is also found in Jamaica ana the 
Brazils. It is distinguished as the black and the yellow. The kind usually imported into England 
is of a deep brownish-yellow colour, with a very close grain and fine polish, and fiill of extremely 
minute cells. The concentric rings are scarcely visible, and there is a considerable portion of sap- 
wood. Greenheart is very hard and fiexible, and when loaded to the crushing point behaves as 
follows ;— It supporto for a long time the addition of successive weighto without evincing any signs 
of yieldin|^ or weakness. But no sooner has the weight reached a certain amount, and become equal 
to the ultimate strength of the mat^ial, than the wood gives way at once with a loud sharp report, 
and without showine the least premonitcny symptom of the coming fracture. After the nacture, 
the piece proeonte the appearance of a mass of fibres, without either form or arrangement. The 
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ooDclusion to be drawn is that up to a oertain point, that is, to very near the cniBhing weight, 

Oreenheart posseeses great tenacity, but beoomet suddenly endowed, when that limit is reached, 

with a brittlenesB of corresponding magnitude. 

The next case is represented in Fi^. 5990, in which A B G E is a girder supported at each end, 

and loaded with a weight W. What is the strain at any point F G ? The foity-s are S x D, and 

W X a X ^ 
the reaction of the right support, multiplied by the leverage, which gives S x D = = ; 



from which B:= 



W X a X / 



The maximum strain occurs when W is at the centre, that is, when 



D xL 

a = 7 = ^ , and the equation becomes S = -7 — ^ 

Exaju^, — ^What is the strain at the centre of a gurder having a span of 100 ft. and a depth of 
10 ft, resulting ^m a weight of 20 toiis placed at tlie centre? Here we have W = 20, L = 100, 

^^ ,/. X,. * a 20x100 _.. 
and D = 10; therefore S = -j — r^r- = 50 tona 

4 X 10 

When tlie girder is uniformly loaded, the strain at any point may be found as follows ; — ^In 

Fig. 5391, let Sie girder be similarly placed as in the last example, and loaded uniformly, and let 

the strain be required at the point F G, dividing the girder into segments a and 6. The foroe 

acting on one sule of this line is the reaction at the left abutment, multiplied by the leverage 

or length of the segment a, and that on the other is the strain 8, multiplied by its leverage, and 

the weight of the segment a, multiplied by its leverage, which is equal to - , since it may be 

considered to act at its centre of gravity. Equating these, we have, putting Wj for the weight 

of the segment — 5 — = S x D + —5 — ; from which 8=5 \ — n~ j * ^^ ^ ~ -,». '* «>^- 



2 



a + 6 



eequently S = ,r — = < — ^ r-r = »t>t • The limits of the value of a and 6 are a = 0, 

^ •' 2xDv a + 6 2DL ' 

T W^ V Li 

6 = L, and a = 6 = ^ . In the former instance, S = 0, and in the latter, S = — — =r- . If the dif- 
' 2 ' 8 X D 

feront equations relating to these beams and girders be compared, it will be found that a girder 

fixed at one end and loaded at the other, will only bear half the weight that it will if it be 

uniformly loaded. Similarly, a girder supported at both ends and loaded at the centre, will only 

bear half the weight that it will when uniformly loaded. The strains on the flanges aro in the 

same relative proportion. 



6406. 



W 



vr 






r- a 
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To find the moment tending to break a beam when thero are two weights upon it, let A B be 
the beam in Fig. 5405, loaded with two weights W and W|, one of which divides the beam into 
BQgments a and 6, and the other into c and d. Let C be the point at which the breaking moment 
1b required. Thero are two methods of proceeding in this instance. We may either take the 
separate moments of strain of each weight at the point G, and then add them together for the total 
moment, or we may find the resultant of the two weights, and proceed upon the assumption that 
cmly one weight, equal to the rosultant, is placed upon the beam. The stram at G from each weight 
equals its reaction at B, multiplied by the distance BG. Make BO equal to e. The reaction 

of W equals = , and that of W, equals ' -, , putting L for the length of the beam 

between supports, so the total moment at G = ^ = — ^ . Making B and B, = re- 

opectivelv the reaction of W and W|, we have for the value of the moment, M = (B + Bj) e. 
To use the other method, the position of the resultant must be first found. In Fig. 5406, let it 
be at P, and supposing the weights to be unecjual, let it divide the distance between the weights 
into unequal segments x and y. The proportion is x^ ^ : : Wj : W, or putting / for the distance 

, which determines the position of 

(PxO(* + «) 



W X / 
between the weights, x : / — a? •.• Wj : W ; and x = ' • 

(W + Wj) 

the resultant Make the resultant equal P, then the moment of strain at G equals 

W X / 
But P =s W + W, and x = ^ ' , so that the moment of strain at G equals 



(W 






Example, — Let the girder be 100 ft. in span, one of the weights equal to 5 tons and the other 
equal to 10 tons, placed 10 ft respectively from each end of the girder. What is the moment 
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of strain at a point 5 ft. from that end of the girder nearest the heavier weight? By the 

^_^ ^u ^ u im (Wa + W,d)« (5x10 + 10x90)6 ^, ^ ^ ^ ,^ 

first method, we have M = ^ = ^^ ^ = 47*5 tons. By the second, 



\W + W| ^ / 



100 
(5 + 10) 5 /lO X 80 



/lOxSO ^ ,^\ 15 190 ^, ^^ , 



„_(W + WO£ 

" - L ~ \W + W| ' ^/ ~ 100 

or the same result as by the former method. 

A remarkable instance of a beam being loaded with a oouple of weights, occnrred in the oross- 
heads of the presses employed to raise the tubular girders of the Britannia Bridge. The method 
of finding the moment of strain at any point in Fig. 5405, by using the resultant of the two 
weights, will not answer when the point is situated between the weights, whether that point be at 
tlie centre or elsewhere. If the two weights are situated upon different sides of the point of strain, 
they cannot be represented *by a single resultant, since the reaction of both abutments must be 
taken into consideration. 

In Fie. 5407, let the moment of strain at the point D be required on the beam A B^ uniformly 

loaded with a load W the foot run. The reaction of the 

W X 6* 
weights to the right of D equals — ^-^ — , and the moment 



Wxy x a 



2L 




of stain at D equals 

of strain of the sum of the weights to the left of D equals 

^Y , so that M, the total moment, is given by the 

.. „ W(a6»+a«6) Wab(a±b) ., ^ _ ^v * *>i 1 j j 1-. xv * 

equation M = — ^^-^r^ = s^ . Mokmg Wj = the total load, and remarkmg that 

(a -f 6) = L, and W, = W x L, we have M = — ^-g-r • There is another method of arriving at 

the strain upon the point D, which is shorter and simpler than that just described. Since the load 
is uniformly distributed over the whole beam, the reaction at each abutment is equal to half the 
total load, and the stoun at the point D is equal to the reaction of the half load at the support A, 
minus the moment of the weights situated between A and D, which acts at the centre of gravity. 

TT^xv **• v T^,WxLxaWxa«Wxa ^«Arr xt 

Using the same notation, we have M = 5- — 5 — = — 5 — (L — a). But (L — a) = 6, 



and W 



= ^ 



2 



so that we obtain as before, H = 



W| X g X fe 
2xL 



For the moment at the centre, 



a = 6 = ~ , and M = — i- — . Or, as before, " = "2^>^2"2^4~ g » ^^ showing 

the accuracy of each method. 

Continuous Beams, — ^The strength of beams supported at more tliftn two points, or continuous 
beams, next claims our attention. As the strength of disoootmuous beams was determined by the 
equating of the external and internal forces, so also is the same method followed in ^e present 

V T 

instance. The general equation for the strength of continuous beams is M = -^ . For discon- 



tinuous beams, M = 



F X I ^. ^ F E 
; so that - = ?; . 



In 



4608. 

iT 



V 




Fig. 5408, let A BOD represent part of a beam, 
of which the neutral line is £ F, and let it be 
supposed to be bent in a curve, of whidi the 
centre is at T. Draw T P and T L, perpendi- 
cular to the neutral line, and dividing the beam 
into two transverse sections exceedingly close to 
one another. If we consider J K to be the neu- 
tral fibre, it will represent the length of all the 
fibres in the beam, oefore it was bent, since it is 
the only fibre unalterable in length. Put this 
length equal to /, and /, fur the difference of 
length in any other fibre m n, after the deflection 
of the beam. The total length of the fibre m n will now be equal to (/ -f f,). If P be the fbroe which 
extended the fibre m n to a length of (/ + /|X E the modulus of elasticity, and a the sectional area of 

the fibre, which is supposed to be very small, then P = . Make the radius of curva- 
ture equal to R, and K n equal to d, and by similar triangles, we have Tn:nm::TK:KJ, or 
(B-f d):nm::B:KJ. Butfim = (/+/i)andKJ = /, so(B + <0:('+'i)::K:'- From this 
R + dJJ^^ widl + 5 = l + ^,or|=:^. Bubetitating this value of '^ in the former equation, 

we obtain P =: --^-^ • The moment of this fdhse is equal to P x d = g • But the 

integral of a d", as was found in deducing the transverse strength of beams, is equal to I ; therefore, 
calling M the moment of all the clastic forces, we have M = —=^- • 

To put this equation in a form adapted for calculation, the value of R is found by the differential 
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calculus to be equal to — -; — ^ , on the atfumption thiit the defliction ia small in oompariaon with 

the length of the onrve, which is ooncave to the axis x. Substituting this value for R, in the 
equation for M, we have M = — E x I -r— ^ . This is the equation which we shall use in deter- 
mining the strength of continuous beams, and the deflection of beams generallj. 

Let A B G, in Fig. 5409, be a continuous beam of two spans. The conditions are that the beam 
is of uniform sf^tion, that the spans are equal, that it is supported by the reeotioii of the three 
points A B and C, and that it is 

uniformly loaded with a weight to M09.^ 

over every lineal foot of span. Put 

L for the length of eadi span, P for ^ ^ 

the reaction of the support A, P, for ^ F £ 

that of B, and P, Ibr tMt of 0. Let 
A D = X, and D F = y = the deflec- 
tion at that point, and £, and E, the 
points of contrary flexure, or those points in which the curve changes signs. As before explained, 
the problem is to find the moments of Qie external and internal forces upon the beam, ana equate 
them. The latter of these, or the elastic forces, called into plav is equal to M, and it remains to 
determine the former. The part of the beam A F is equilibrated by the reaction of the support A, 
and the weight uniformly dis^bnted over it, which therefore acto at its centre of gravity. The 

X 

leverage, with which these forces act, is equal respectively to x and -^ , and their moments are 

P X « and — g — . We thus obtain M = P X « ^ — , and substltnting for M, its value 

d^ y w** _- 
in terms of the moment of inertia of the section, we have £ 1 jp ^-^ — P x «. Integrating, 

this becomes E I :=^ = — ;; ^ — x 0. ' The value of the constant is determined from the 

dx 6 2 

conditions, that at the centre support B, the tangent to the curve is horizontal, and x is equal 

dv toxa» Px** Px L* w X L* 

to L. Therefore E I -r^ = — ;; — H ^ r — . Another integration will give 

dx 6 2 2 6 « c 

_T W X X* PX«*.PXL«X» WXL»X« r> L 't „«ii V e ^ V KAnn. 

E I X y = — "5^ 3 1 jr 5 . But it will be seen from Fig. 5409, 

24 6 2 b 

wxL* trxL* PxL*'PxL» 
that when . = I, » = 0, «> that the equation become. g ^. 

bom which P = lJL!Ll2i, But P, = Pand P, + P, + P = 2«> x t, fimn which P, = ^^ - • 

o 4 

To find the point in the beam between A and E, at which the maximum strain occurs, that is the 

value of X. we have P — io» = o, and « = — . Bat P = — - — ,box = -—- . For the position of 
* * w 8 8 ^^ 

the points of contrary flexure, it must be borne in mind that the sum of the elastic forces equals 

tr X X 
zero, or M = 0. Therefore to flnd x we have P = — ^ — . Substitutmg the value already obtained 

o r 

for P, we obtain « = -j- , or, in Fig. 5409, A E s 8 B E. 

The case of a continuous beam of three spans is shown in Fig. 5410, supported at the four 
points A, B, C, D, and the same conditions with respect to uniformity of section, equality of 
span, and rate of loading, are as* 54Xq. % 

sumed as in the previous example. 

Put P for the reaction of each of JL ^ f ^ _^ ^ \ 

the supports A and D, and P, for B ^^ 
and G, and let x and y represent as 
before the co-ordinates of the de- 
flection curve at any point F G. 

From the equation of moments, we have E I -j-^ = ^— — P x or, and by integration, 

ax* It 

dy w X ** P X ** 

EI j2 = — - — — — 5 — +0. In this instance of three spans, the tangent to the curve is 

not horizontal at the point B, and -j^ = tan. 9, when L = dp. A second integration gifos 

ax 

___ to X «< P X «• . /«Tx ^ w X L» , P X L*\ .... . ._ _ , 

Ely = -qj g — + « (EI tan. a \ 5 — I. At the point B, dp = L, and y = o, 

so we obtain E I tan. (^ = L* [ — j . The quantity P still remains to be found, and the 

simplest method of proceeding is to determine another value for the left-hand side of the 
equation, and then to reduce and eliminate the value of the separate reactions. Let x and y equal 
the co-ordinates of ilie deflection curve at any point of the beam, then equating the forces, we 
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have E 1 j^ = "^ ^ ^ — P x a? — Pi (ar - L). When a: = L, j^ = tan. «, and integrating again, 

dv wCx^^l/) P Cj:» - L«) P. (x - LV 
EI^ = -^^-g ^ ^ ^- -5^-^ ^ + EItan.e. At the middle point of the centre 

span, the deflection curve is horizontal, and -p- = o, whence 



dx 



EI tan. = ^-2-^{P(ar + L) + P,(ar - L)) - !i^^=i5 
At this point in the centre span, « = -5- . and anbetitnting, E I tan. = L» {^ZjLZ} _ l^^^l 

But the total reaction of the supports equals 2P + 2Pi=8tt>L, fiom which P, = ^— ^ " • 

We can now proceed to flud P. From the two equations for the value of E I tan. ' , we have 
/5 P + P, 19 to L\ /w L P\ Q ,...,. , ,. ^ 2toL ,^ 11 wL 

[ — ^^ - 1[8~/ "^ \X " s)' S'*^***^**^^ ^^ rednomg, P = —J=!, and P, = i-j^ . 

Putting in the equation E I tan. d = "^C^ a)' *^® ^*^^® ^^^ ^» ^® fi^®* Eltan. e = - ^^ 

The principle of analysis is the same for a continuous beam of any number of spans, but the com* 
plete investigation of the subject is not suited to our pages. 

There are several practical points worth attention with respect to continuous beams. In the 
example shown in Fig. 5409, the greatest strain in each of the side spans is to the strain in the 
centre span as 9 : 16. The strain in the centre span is equal to that at the centre of a discon- 
tinuous beam having an equal span. In Fig. 5410, let 8 represent the strain at the centre of a 
discontinuous beam whose span equals L, then the maximum strain in the end spans of the oon- 

8 2Ij 

tinuous beam equals at a distance from the end of — . The strain over the middle supports 

g 
equals 0*8 8, and that at the centre of the middle span equals ■=. The position of the points of 

contrary flexure E irom the supports B and G will be in the CLutro span equal to 0*275 L, and in 
the ind spans 0-20 h. If a continuous beam be supported at five points ABODE, as in Fig. 
5411, which represents the length of the centre span ns double that of the end ones, the following 




are the conditionB of strength. Make 8 = the strain at the centre of a disocmtinuons beam having 

8 8 

a span equal to 2 L, or equal to that of B G or C D. At B the strain is ;r ; at G, it equals r-^ ; at 

Z 1 '00 

g 
the centre of either of the larger spans the strain equals ^^ . The maximum strain in the longer 

spans ooours at a distance from the supports B and D, equal to -j^ , and is equal very nearly to 

g 
^^r;^ . The position of the points of contrary flexure F, will be, in the longer spans, at a distance 

A * bo 

from B and D, equal to 0'82L,'and ftom G, equal to 0*45 L. In the end spans, they will be 
situAte<l nt the centre. There is no practical advantage in adopting the principle of continuity, 
wlien the span of the beam or girder is small, and the movable load considerable, or in any instance, 
whatever may be the proportion of span and load, in which the foundations are not of a perfectly 
stable character. When the load is of a static nature, and moreover constant, there is a manifest 
economy in adopting it, and also whenever the permanent weight of the girder is considerably in 
excess of the movable load, as happens in railway bridges of large span. When the movable load 
is much in excess of the weight of the structure itself^ the continual shifting of the position of the 
points of contrary flexure is attended with many practical disadvantages. 

Deflection of fieams, — ^The deflection of beams of any form, and under any condition^ can bo 
readily deduced from the moments of the internal and external forces, the values of which have 
been already investigated. We shall detennine the deflection of one exam^e in order to show 
the method to be employed, but the results only of others will be given in Table VI. The case 
consists of a beam supported at both ends, and loaded uniformly, throughout its whole It ngth. Let 
L = span of beam, to = unit of load, or load for each lineal foot of span ; W = total load = 10 x L. 
Put X and y for the oo-oidinates of the deflection curve. Make E I = K. Then moment of elustio 

forces = - K — ^ ; and moment of external forces = ^ t!^ ' - —^ • Equating *beM, we have 
(ix z z 

K^ = !?^_'iL« i„j„^ting,Kl* = !!^-'!:l^ + C. At the centre, where the defleo- 
turn IS a maximum,^ = 0, and x = - , soC = -j^ iT ' """^ ^di = 2 \3 " "2" + SA 
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to 
Another integntion g^ves K y = ^iCt* — 21j afi -^^ U x). When the deflection ia a mazimnm, that 

is at the centre of the beam y = D, putting D for the deflection, and x= ■^. By Babsiitutlon, 

therefore, we getD = ^jg(j^- J +^j, whence D = gg^. Bat «,L = W, and D = ^gj^^. 

In finding the aotoal value of the deflection of any beam, the Quantity I must be replaced by its 
value given in Table IV. This has been done in Table VI., which therefore gives the deflection of 
beams and girders of different sections, in terms suitable for direct numeri(»il calculation. There are 
four principal cases of deflection of beams ; — 1. Beam fixed at one end and loaded at the other. 2. Beam 
fixed at one end and loaded uniformly. S. Beam supported at both ends and loaded at the centre. 
4. Beam supported at both ends and loaded uniformly. The defiections in the last three instances 
may be easily obtained from that of the first, witliout repeating the whole process of integration and 
reduction. Let D = the defleclion of a solid beam fixed at one end and loaded ut the other, and 
D| D, D, the deflections in the three remaining instances. Then we have the following relations ; — 
^ 3D ^ D, D _ 5D, 5D, 5D _, j * * , j. 

Di = — ; D, = — " = jg ; D, = — " = -^ = ^' ^^^ ^^^ ^^^ "^*® ®^ loading, are sup- 
posed to be constant in all the beams. If tJie deflection of ease 1 be calculated by the formula, 

dp v 
K-T-^ = — W (L — «) by the roles already laid down, that of the others is obtained by simply 

multiplying by the proper factor. * It is to be noticed, that in continuous beams, the depth exercises 
no influence upon the position of the points of contrary flexure, or points of inflection, as they are 
sometimes termed. 

Ta3UB VI. — ^DEii«B(7noN OF Beams and Gibdebs. 

Deacription. Value of D. 

Solid rectangular cantilevers loaded at the end *f~rt7s* 

Bolld round c«.tileve« 1^,- 

4WL» 
Hollow ditto ditto 3Eir(B«-B.0 ' 

Horizontal flanged cantilevers neglecting the W AU 

web 3Eaa,D«* 

4 W L' 

Ditto talring the web iato account =-;-; — : — r-=r; 

^ E (6 a + a,) D" 

4 W L' 

Square tubes of uniform thickness tttv^i — ^n^ • 

^ E (B* - Bi*) 

Ditto in which the thickness is small compared WI? 

with B •.. 2EB*T* 

3 W Li* 

Solid rectangular cantilevers loaded uniformly . . opph* ' 

Solid round cantilevers r^Tz — ^. • 

2EirB« 

Hollow ditto ditto r— — — - — -- . 

2E»(B*-R,*) 

Horizontal flanged cantUeverB neglecting the WAL* 

web 8EaaiD«' 

3 W Li* 

Ditto taking the web into aooonnt — 

* 2E(6a + a,)D» 

3 W Li* 

Square tubes of uniform thickness :rr==-=z =r— • 

2 E (B* - B,*) 

Ditto in which the thickness is small compared 3WL» 

withB 16EB»T* 

Solid rectanfl:ular beams on two supports, and WL» 

loaded at the centre 4EBD** 

W T * 

Solid round beams .. 

12£irR« 

W li* 
Hollow rennd beams of uniform thickness .... — . 

48EirRST 

Horizontal flanged beams neglectinfir the web . . ^ Al? 

^ ^ 48Eaa,D' 



• 



-• • 
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Tablb YI. — DsFLBonoN OF Bbams ahd QxaDEBA— continued. 
Description. Value of D. 

Horizontal flanged beama taking the web into WL* 

aoooont 4E(6a + a,)D** 

Solid rectangular beam on two sapparts, loaded 5WL* 

uniformly 32EBD*' 

Solid round beam ;— -= — =r;* 

96£tB« 

5 WL' 
Hollow round beam of unifonn thicknefls . . 7c;rr-^ — :s^r7^ - 

384 E IT R» T 

Horizontal flanged beams not taking the web 5 AWL' 

intoacoount 884EaaiD« 

Ditto taking the web into aooount, and with 5 WL' 

flanges of equal area 82E(6a + a,) D«' 

In Table VI. the letters signify the same quantities used in determining the strains on beams. 
A = a + aj = the sum of the areas of the upper and lower flanges, and a, = the area of the wek 
In the flanged beams the value of D is not that of the total depth of the beam, but only of the web; 
that is, it is measured from inside to inside of the flanges instead of from outside to outside. 

Shearing Strain, — ^A shearing strain is one which tends to cause the particles of the body to 
separate by slipping or slidiug upon one another. Referring to Fig. 5387, the weight W tends to 
cause the immediate part of the beam upon which it rests to separate Tertically, or shear from the 
adjoining part, and this tendency is transferred, from point to point, to the fixed extremity of the 
beam at A £. The shearing strain upon tliat part of the beam, situated between the weight and 
the fixed end, is constant for every section of the beam. Galling it 8, then S = W. The exact 
manner in which this strain is propagated throughout tite web of a flanged girder is not known, but 
it has been ascertained that the directions vary, being sometimes diagonal as well as vertical. The 
probability is that the strain is frequentlv propagated in curved lines also. If a flanged girder is 
fixed at one end, and uniformly loaded, the shearing strain at way point, is equal to the sum of the 
units of weights situated between the point and the end of the girder. If the girder is supported 
at both ends, and Liaded with a weight at any point, the shearing strain, at any point, is equal to the 
portion of the weight transmitted, on the principle of the lever, to the abutment situated on the 
opposite side of the point to that at which the weight is placed. If a girder is supported at both ends, 
and loaded uniformly, the shearing strain at anv point is equal to the sum of the units of weight 
placed between it and the centre of the girder. In solid beams of considerable length, exposed to a 
transverse strain, failure occurs by the fibres being compressed or extended in a horizontal direction, 
and the shearing strain, which acts in a vertical direction, is neglected. If we now suppose the 
beam to become very short, the horizontal strains are prnportioncJly diminished, and at last give 
place altogether to Uiat of a shearing character. The tenaency is no longer to pull the short beam 
asunder, or to double it up, but to cut it in two. 

As the formulae we have investigated for the strength of beams do not include fiedlure under 
these conditions, the action of a shearing strain must be considered separately. In using a pair of 
shears or common scissors, the pin which holds the blades together, is exposed to this strain, so 
idso is the rivet which fixes the blade of a pocket-knife to the hanale. With an equal force, and 
equal area of rivet, the shearing strain in tne latter case is double that in the former, as will be 
easily seen. If the. blades of the shears are pulled asunder, they will shear the pin in the middle. 
One section only will be made, euch half of the pin attaching itself to each blade of the shears. 
But if the blade of the knife be torn away from the handle, it will carry with it the middle pert of 
the rivet, and leave the two ends in each half of the handle. Two sections are made in this instance. 
In the one case the rivet is said to be in single, and in the other in double shear. The leverage in 
beams, so short as to be broken by a shearing strain, is practically equal to zero, so that the moment 
of the force equals the force itself. The strength of any body, or the resistance therefore that it 
exerts against a shearing strain, is directly proportional to the area of the section exposed to the 
strain. If T be the ultimate shearing strength of any body, F the force reouired to shear it across, 
and A its area in inches, then F = A x T. It is not necessarv to give a taole of the values of T for 
different materials, as they may be considered, for all practical purposes, to be equal to those given 
in Table II. for the ultimate tensile strengths. Experiment has established this approximate 
identity. Oare must be taken, in making use of this formula, that the whole of the sectional area 
is exposed, at one and the same time, to the action of the shearing strain. This is always ensured 
in en^eering structures, but machines are frequently constructed to act differently. Shearing 
machines are made so as to exert their force in detail, and in this respect differ from punching 
machines, which out the whole piece out at the first operation. Numerous experiments afford the 
following average shearing strain for wrought iron. Punching plate iron 24* 6 tons; punching 
hammered scrap-iron 20*9 tons; shearing hammered scrap-bars and rolled iron 22*1 tons. The 
mean result of the experiments, made during the erection of the Britannia and Conway tubular 
bridges, gave 23*3 tons a square inch as the shearing strain of rivet iron of good quality. As the 
ultimate tensile strength of the same iron was found to be 24 tons, the resistance to a tensile and 
shearing strain may be regarded as practically identical. This identity is not universal. If the 
tensile strength of steel is represented by unity, its shearing strength equals 0*738 ton for each 
square inch of section. Experience has fdso proved that it requires a third more pressure to shear 
wrought iron than copper. Fir will shear in the direction of the grain with less than one-twentieth 
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of the foroe that will tear it asimder. With reapeot to the shearing strength of oak treenails, it is 
to be observed that the thickness of the planks tnrongh which they pass influences the amount— 
the thicker the plank the greater the strength. About 2 tons to the square inch is the average 
foroo required to sheer treenails of Bhiglish oak. 

In Figs. 5412, 5413, 5414, a rivet is shown in single, doable, and treble shear, and the strength 
of each joint is in corresponding proportion. If 
G is the ultimate shearing strengtn of the mate- ^^ 



rial, N the number of the plates through which 

a pin or rivet passes, A its sectional area in inches, ' I i • ^-m 

then, calling the shearing strain of the rivet S, 



we have S = A G (N — I). Large holes, that is, 

large sections of iron, are sheared with less foroe i^is. 

than punched, and although it appears somewhat /^ 

paradoxical, thin plates require a proportionally ' i .1 j ' •~^ 

greater force to punch them tlian tnick ones. ^ i ^j/ ^ 

The form of the blade of the shearing machine has 

considerable influence upon the force required, 6414. 

especially in relation to the position of the bar io /^ 

be sheared, which is not a matter of indifference. | i j i , — J 

Suppose a oar, 3 in. in breadth and ^ in. in thick- ^ ' i ' i ~^ 

ness, in which position will it shear the most ' ^/ 

readily, edgeways or on the flat ? If the shearing 

blades be parallel, the bar will shear with equal facility in either positioiL If they be inclined, the 
bar placed on the flat will shear with four-flfths of the force which is required if it be placed on the 
edge. When the bar is on its edge, the foroe required with parallel blades is to that with inclined 
as 110 to 100, and when on the flat as 125 to 100. 

That the resistance to shearing is proportional to the area of the oross-section of the body, is 
proved mathematically as follows ; — ^Let cf be the original distance between two cross-sections of a 
prismatic body, extremely close to one another, and let one of these sections be supposed to be 
fixed, and the other to slide in a vertical plane, relatively to the other. This sliding motion will 
be constant for all the points in the cross-section, and may be represented by m. Any small 
particle of the sliding section, which put equal to a, will, in consequence of the elastic power of the 
material, tend to return to its original position in the plane of section. The force it will develop in 
so doing is proportional to a, and also proportions^ to the relative sliding motion, and the original 
distance between the two vertical planes of section. Make F equal to this force, and putting G for 

a constant varying with the nature of the material, we have F = :; . The constant G is 

a 

the coefficient of shearing, and has-been already referred ta As F is the foroe which tends to 
prevent the sliding of a particle a in the plane of section, and as all the forces acting upon the 
whole cross-section are parallel to each other, they may be represented by a sinele force, which is 
their resultant. Galling this force B, and assuming G to be constant for the whole cross-section. 



B=Oxm 



J^ 




A common instance of a shearing strain, or, as it is sometimes called, a strain of detmsion, is 
shown in Fig. 5415, in which A B is the end of the tie-beam of a roof, and G the foot of the rafter 
let into it. The thrust of the rafter may be resolved into two directions, one vertical, and the other 
horizontal. The former is equilibrated by the vertical reaction of the mu^ 

abutment, and the latter by the resistance of the end of the tic-beam. 
The tendency is evidently to shear, or slice off, the piece of the tie- 
beam between the foot of the rafter and A, having a breadth equal 
to that of the tie-beam, and a depth equal to tl.at of the distance 
which the rafter penetrates. Making B equal breadth of beam, T 
the horizontal thrust of the rafter, and D the distance from the foot 
of the rafter to the end of the tie-beam, then, when the material is 

T T 

oak, D = g=K-jg ) and, when fir, D = --— . In practice the strain is provided for, eifliar by OOD- 

necting the rafter and tie-beam with a strap or with a bolt 

Strain of Ibnion. — ^The last strain to be considered, with reference to our subject, is that of torsion, 

which has considerable influence, as will be seen, on the strength and shape of the axles of railway 

carriages and locomotives. The strength of a prismatic body to resist a strain of torsion, will depend 

partly upon its moment of inertia, and partly upon the value of a constant, to be determined for each 

material. If we consider two cross-sections of the body, which is supposed to be homogeneous, to 

be very dose to each other, the moment of the exterior torsional forces will tend to cause one of 

these sections to rotate relatively to the other, about their common axis. Let one of these sections 

be regarded as fixed, then any point in the other will be twisted through a certain angle. If (2 be 

the (ustance of the point from the axis of the prism, and the circular measure of the angle of 

torsion, the angular displacement of the particle will be equal iod0. If D be the distance between 

the original cross-scctious, tiie displacement of the whole fibre, of which the particle under con- 

J ft 

sideration may be regarded as the extreme end, relatively to D is equal to ^r • Experiment haii 
proved that the resistance of a fibre to torsion is proportional to its area, nnd to jr . Put A for the 



Ox* r 
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, and the mm of tii the laomeula in the whole Qni«»«ection frill eqiwl 



But liom Table IT., in which iji giTsa the strength of beams of vuioos forms, the 

ezprettdon y a <P, wliioh Is known as the moment of polar InsitiB, is the moment of inertia of a 
crom-eeotioa of a homogeueona prism about an axis, pctoing thiongh its Mstre of gravity, and 
pjPbndimilBr to its plane. Deafgnatiag it bj its proper aymbol I, we have H = 1^ . Calling 

H, the moment of the eiterioi foreea tending to prodnoe torsion, we hare H, = H = — • 



, aitn^of tondon. Let A B 

is acted upon b; a Ibree F, whlofa tends to 
twist it round its tiis. If we sappoae all the 
cross-sections of the shaft, bom (me end to 
the other, to be Bxed, it is evident that the 
toraiooal stiain most be tnmsmitted throogh- 
ont them niaaeMiTel;, and eaeh one will imlj 
be inbjeoted to the strain after the nestone, 
nearest the end of the beam at which the 
(tofoe is applied, has been oanied to rotate. 
Before the extremity A can move, the wbolo 
length of the shaft must be nnde^olng strain. 
In Fig. MIT, lat a (^linder .under a torsional 



In Fig. MIT, lat a OTUnder .under a torsional 
strain be represented In projection on the two 
planes AOHBDBIlJprE, which are per- 
pendicular to one another. If the particle D at oi 



pendicular to one another. If the particle D at one end of the oylinder bc^os to move, it will arrive 
at a certain point A before the particle L,at the other extremity, has moved at all. Buppose thnt L 
begins to move when D arrivea at A ; then the line U L, or the gcneratiDg line of the cylinder, 
has been twisted into the thread of a screw. Let D B A and L tn n p be the projections of tha 
thread on tbe two planes respectively- BitnilarW the pariioles D ( and D s have taken np tha 
poritions represented by O a and E t, and the sections p r, n n, rn L. have been tamed through Uis 
angle* of torsion D F A, D F O. and D F B. If S be the angle of torsion for the whole cylinder, 

and L the length of the oylinder, we havr lor tbe moment of the exterior (broea U = — j- — > 

or, by tranipodtlon, B = -f; — f • Taking C and I as constant Im' the same materia), and sane 

nrnw sitrtirmii of shaft, the angle of torsion is directly proportional to the foree of torsion, and the 

length of the shaft or rod. Potting B for the rsdini of tha cylinder, the valna of I " — o"' 

so that tlM eqnatlon may be written H = ^ for solid oylinders, and for hollow, 

H = — " '^ * (B' — B,*), in whloh B and E are the external and internal radii The following 



an the Talnss (^ for different materials in tons to the square li 



TuLB TIL 

ValwotC 



Wrought Iron 3810 

Ironinbars 1232 

Oermansteel S8I0 

Castiron 1270 

Cuitsleol 63A0 



strain of tordon. prodnoed by a weight of 22' G lbs., acting at the end of a lever 13 iu. in length. 
Before the rod broke. It was twisted through an angle of torsion equal to 13 i degrees. A east- 
iron oylindrical bar, having a length of 4-S2 ft., and a diuneter in 4 in., was scted upon by a 
weight of 3690 Iba. at the end of a lever 6-56 ft. in length, and was twisted through an angle of 
torsum of 16 degree*. When the weight was Inoreased to 46B0 lbs., the angle increased to 2025 
degrees, and tbe bar broke at last with a weight of 4905 Iba. This experiment bears oat the 
statement that the angle of torsion is proportional to the force of torsion, since 15 x 490S equals 
20'SS X 86B0 sofllciently elossly to ooiroborote the theory. When considerable masaea are put in 
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motion, the effect of tonioii is often observable to the eye, more especially when the motion is 
transmitted and multiplied from one piece of machinery to another. A prime mover can frequently 
be observed in motion, before some more distant p^rt of the machine is set going. From numerous 
experiments on torsion, the weight which will twist asunder a cylindrical bar of wrought iron of 
good quality, 1 in. in diameter, acting at the end of a lever 1 ft. in length, is 1000 lbs. For wrought 
uon of oidmary quality, this weight should not be taken greater than 800 lbs. For cast iron of 
good quality it may be taken to l^ 700 lbs. It should be remarked here that if the torsional force 
applied, exceeds the limit of elasticity of th« material, a permanent twist will be the result. This 
might be inferred, from what has been already stated respecting the permanent set of materials 
under a strain of tension. If S be the strength of a standard bar, having a diameter of 1 in., and 
8| that of any other bar having a diameter equal to D, we have 8| = S x D*, and if P be the 
resistance of any bar, W the weight, and B the radius of the lever at the end of which it acts, ^|pn 

P = ----• In Table YIU. the relative strength of several materials to resist torsion is given, wrought 

iron b^g taken equal to unity. In many instances the stiflEhess of shafts and bars under torsion, 

is of more importance than theb absolute strengtb. The torsional stiffiiess of shafts varies as =- » 

in which D is the diameter, and L the length. In practice, the diameter of long shafts is always 
in excess of that which is absolutely required to resist torsion. If it were not so, it would be im- 
possible to get the machinery to work smoothly and steadily. 

Tablx YIIL. 



Wrought hron 100 

Brass 0*46 

Oastixon 0*90 

Caststeel 1*95 



Copper 0-43 

Oun-metal 0*50 

Lead 0*10 

Tin 0-14 



SaUvay Axles. — ^The most prominent example in practice of the effect of torsion is to be foimd 
in the case of railway axles. An accident which occurred recently on one of the Engli^ railways, 
demonstrated the startling fact that the proper form of axles was not known to the compAny. We 
shall first investigate the question of the strength of axles, and then refer to the accident, and 
point out the improved form which has since been adopteid. Whenever the vertical pressures 
noting upon the journals of an axle are equal, and the corresponding reactions of the rails, all the 
cross-sections between the wheels undergo a uniform strain, if the weight of the axle itself is 
neglected. If P be the pressure upon the journal, and L the distance between the centre of the 
wheel-bed and a vertical plane, passing through the centre of the rail, then the moment of the 
force equals P x L. It follows from this, that if the axle were always subjected to a uniform load, 
each cross-section would undergo the same strain, and the correct shape of the axle would be 
cylindrical. But experience has proved that axles never break in the middle, but always either 
at the journals or just behind the wheel-bed. At these points, therefore, the strain is evidently 
peater than at others, and the conclusion to be arrived at is, that the cross-section of the axle may 
be reduced beyond these points. It can be readily shown mathematically, that so long as the 
pressures upon an axle are vertical, the true form is the cylindrical In Fig. 5418 let A and B be 
the cross-sections through the nave of a pair of wheels, showing the axle lying in its bearings. 
Let P and P| equal the pressure upon the journals, B and B| the corresponding reaction of the 
rails, L the distance from the centre of one rail to that of the other, a the distance from the 
centre of the journals to the vertical plane, passing through the oente of the rail-head, and m 
the distance from this plane to the inside edge of the wheel-bed. Neglecting the weight of the 
axle itself, and considering the rails as the points of support, the equations of equilibrium are 

BxL = P(L + (0-PiX <f,andBi xL = P,CL + <0-Px c^fromwhichB = P + /(P — PJ 

d 
and Bi = P, — ^ (P — Pi). Putting M for the moment of flexure for the section of the axle 

nearest the inner edge of the wheel-bed, we have M = P| (d -f m) — B, x m. Substituting for 

B| its value already found, we get M = P, x d + (P — PO --= — . Similarly, the moment M| of 

the section behind the wheel-bed is M, = P (d -f- m) - B X m, and substituting for B its value, we 

have M, = P X (^ — (P — Pi) -^ — . If M, be the moment of flexure at the centre of the axle, 

L 

Di, =: P^j + d\- B ^ , and substituting for tt its value, the equation becomes Mg =^ — ^M X d. 

If P r= P., then M. = M, = M P X d,. and there is no reason for making any one cross-section of 
the axle different from the other. 

Let us now take another condition in which on axle is constantly placed. Suppose that in 
Fig. 5419 the flange of one of the wheels A grinds the rail. Immediately a pressure is created 
upon the wheel, which acts horisontallv and parallel to the axle, and tends to throw the carriage 
towards the centre of the track. Gall this pressure Q. Bnt at the same time, the weight of 
the carriage tends to restore it to its original position, with a force acting in the opposite direc- 
tion, the point of application of which is situated at the centre of g^vity of the whole wagon 
and load bearing upon the axle. Call this force Q„ and let it act at the point 0, placed at 
a height H above tne centre of the axle. The force Q is compoi>ed of two others q + 9«, the 
former of whidi acts at a point 0|, at a height of Hj above the centre of the axle, and the latter 
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at the oentie of the axle itself. The foroes q and o^i are to one another as the preasores P and P|. 
The fotoe q acting at the point 0| is trannnittea to tiie axle by the frame and springs of the 



6419. 






B418. 

carriage, so that the axle has to support not only the normal load P -f P„ but also the reaction 
due to the force g, which tends to push the carriage outward. Let this reaction be supposed to 
act upon the jounial in the wheel A, and put it equal to r. It will be understood that at the 

1'oumal in the opposite wheel B, the Talue of r, instead of being added, will be subtracted from the 
oad. UsiDg tiie same notation as before, we have, in order to mid the two forces, P + ^ and P — r, 

which act along the whole length of the axle, r(L + 2d)=q X Hj, when r = — 



L + 2d' 



The 



pressure at A will be P + ^ . , l i Mid at B, P - ^ . .* . In order to determine the reactions 

Li-f-Za Xj "f- 2 a 

R and Rj of the rails which are transmitted to the axles by the wheels, it must be observed that, 

in addition to the vertical pressures P and P, upon the journals, there are a couple of horizontal 

forces Q Q to be taken into account. Putting y for the radius of the wheel, the moment of each 

of these forces is Q x y. But there exists at the centre of grayity C, a horizontal force Q = 9 + 9i. 

the moment of which is y -f H, so that we have Q (y + H) = Q y + 9 H,. The action of this 

couple increases the pressure upon the wheel A, and diminishes it on B, by a certain quantity, 

which put equal to «. To find t we have < X L = Q(y + H)= Qy + 5' H,; whence* =^^^-? — ^, 

Li 

and the reactions R and Ri are given by the equations R = P + t = P + ZLL!! .2 — > and 

li 

There are thus six foroes aotine upon the axle, the two vertical pressures P and P, acting 
downwards, the two reactions R and R, acting upwards, and the horizontal forces, the moment of 
which is Q X y. Under the action of these six forces, which together make equilibrium, the axle 
has to resist not merely a bending strain, but a strain of torsion as well, which acts throughout 
its whole length, the mathematical axis of which does not pass through the centre of gravity at 
all the cross-sections. The bending moments for the three principal points in the axle may be 
thus found. For the cross-section just behind the wheel-bed of B, 

M = Pj (</ + m) - R, m = (P - r) d + (< - r) m. 

For the section at the middle, 

7 o 2 
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For the Motion behind the wheel-bed at A, 

M. = P,(d+ L -m) - B,{L - m) = (P -r)d+ (1 + r)(L-m). 
Thb latt momeDt ia iherefoie the greateet, mad the moment of the middle aection » the me«n 
betiraeD the other twoi'tucrcMed by the qiuntit; ~ , in order to Uke into Bcounnt the horiionlal 
foroe. We thus see that the bending moment and the total strain are greateot at the natioD jnat 
behind the wheel-bed, which la known aa the dangarona BectioQ. It must be coDcIoded, therefore, 
that the cjlindricol form is not tlie oorreot form to adopt, in order to prodooe an axle of nniform 
atrjnifth. The oorreot form may be thna arriTed at; — Divide tlie distance extending ftom the 
middle of the aile, to the vertioal plane passing Uirough the centre of the rOiil-beAd, into flre parta. 
Mahe D — the diameter of the middle port of the aile at 0, D, = l-0417Datl, D, =: l'0ti01Dat2, 
D, = 11102 Data, D, = 11501 D et 4, and D. = 11821 D at B. 

The acoiileut which led to the adoption of the correct form o( atle by the North-Eaatem Bail- 
way Compnoy oooarred in Beptemlier of 

1872, and formed, aa is the rule in snoh MX. 

coses, tlie subject of an inqniry by the 
Board of Trudo, The history of the acci- 
dent, aa well aa the oonalnaions drawn, 

therefore, are full of interest, and have CS3J"^,j A xi iwmwmi tfftatr 

on iutimato bearing upon our subject. ^^^-naiiur rra^^t 

The elevation and eectiona of the brohen 

nxle are shown in Figa. 5i20, Mil, and ^1 Anout^wttwu.AwA' » 

the form subsequently adopted by the 1 «»toK'ic,?t*»»«» 

company id repreoeutea la Fig. 5422. 
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The train in qnestion consiated of an engine and tender, seven paasenger carriagea, a mall-van, 
and two brake-vans. 

After stopping at Morpeth, Bilton, and Belford, and leaving one of the oarriageB at Horpeth, 
the engine-driver proceeded forward. He ran throaj^h the Beat Btation at a speed from 40 to 
4.1 miluB an hour, and he kept up about the same speed until, in passing a point a mQe and a half 
north of Beal, and B miles north of Belford, he felt his engine mn very nneaaily. He shut off hia 
atmm, and looked roand. and saw flre flying from the back of the tender. His Oreman applied the 
tonder-brsike, and he applied the brake which was attached to his engine ; bat not tightly, because 
he was afraid of pulling up too suddenly. He ran on, reducing his speed at first to about 15 or 20 
railps an hour, and then palling up at about 600 yda. from the point at which bis tender flrat left 
the rails. He was going on pretty steadily, when the wheels dropped from under the tender, the 
tender renred np, and the hrase-van became uncoupled. The engine and tender then went on by 
themselves for aboot 50 yds. before they were bronglit to a stand, and the oarriages came to a stand 
•Dout 10 or 15 yds. behind the tender. On examination it was then found that the engine waa on 
the line with all its wheels, and the tender with its leading and middle wheels : but the axle ol 
the trailing wheels haring been broken, one wheel of the lender lay nnder the coniagcs, while the 
other wheel, with a portion of the axle still in it, lay under the tender. Aa r^aida the van and 
oarriagee, the van No. 50, East Coast rolling stock, was off the rails with two of its wheels, an East 
Coast carriage. No. 7, was off the rails with its leading wheels, a third-ctaaa carriage, No. 60, wu 
off its foni wheels, a third-class earriage, No. 41), was off with two wheels, and the tender-wheel, 
Bbove referred to. lay under tbetender. 

The other vehicles of the train, consisting of the mail-van, twc oarriscea, and the rear van, 
remained on the line. Tliere was a hole knocked In the liottom of the tender by a blow from the 
loose wheel, and some damage done to the carrinsea by the bending of the auea ; but in otbei 
leepects the carriages were not much damaged. The dimensions of tne axle which thus gave way 
we shown in Fig. 5421. It measured 6 ft. 10 in. long between the centres of the jonmals, 4| in. ia 
diameter in the middle, 6^ in. in diameter outside ofthe wheel-bed. 6) in. in diameter indde of the 
wheel-bed. It was found to have given way, as shown in the diagram, at I} ir i-"i'i> -^ *i>a 
wheel-bed. 
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The ftnctnre oocnrred, as in most of these oases, at the point where the diameter changes. The 
flaw had been moduced gradaallv by the constant action, for a series of years, during the mnnine 
of tiie tender. Having been inside of the wheel-bed it was not viitible to outward examination, and 
the fracture would not be discovered until the wheel was separated fh>m the axle. The axle was 
again broken at the shops of the company at Gkiteshead, and found to be of excellent Quality. It 
bent very considerably before fracture could be obtained, and it was found necessary Uien to nick 
it before it could be broken. The engine, No. 250, was an express engine, with the driving and 
trailing wheels coupled together. These wheels were 6 ft. 6 in. in diameter, and the leading wheels 
were 4 ft 6 in. in diameter. The weight on the leading wheels was 9 tons, the trailing wheels 
10 tons 10 owt., and on the driving wheels 14 tons 10 cwt., making a total of S4 tons with the engine 
in working order. The diameter of the cylinders was 16 in., with a stroke of 24 in. The wheel- 
base measured 7 ft 10) in. from leading to driving, and 8 ft. from driving to trailing wheels. 

The tender-wheels were 8 ft. 6 in. in diameter, and the wheel-base measuredfrom leading to 
middle wheels 6 ft., and middle to trailing wheels also 6 ft. The tsxik was constructed to hold 
2000 gallonsof water. The weights on the tender were as follows , — Leading wheels 8 tons, middle 
wheels 8 tons 10 cwt, trailing wheels 7 tons 15 cwt ; total, 24 tons 5 cwt. The total mileage 
run by this tender, and also by this axle, was 150,918 miles, from January, 1868, until 13th Sep- 
tember, 1872. 

On further examoiation after the accident, similar flaws were detected in the other axles of this 
tender, both of which were taken out and condemned as unfit for further use. 

The remedy by which accidents of this nature may be prevented is perfectly simple. It is by 
so constructing the axles, with enlarged dimentdons at the wheel-beds and at the journals, and 
smaller dimensions proportionately towards the middle, in order that when fhMstures occur, which 
must be the case occasionally, tnis fracture may be visible to outward observation, instaid of 
occurring in the wheel-beds, in places where they cannot be seen. Fig. 5422 shows the alterations 
the company have made, in oraer to carry out these conditions in aU axles which they construct 
in future. Another point necessary to be attended to ift the selection of good material, and the 
tight and proper fitting of the wheels upon the axles. 

For the want of tightness in this particular instance, and in most other cases, the flaws have 
occurred principally opposite the beds of the keys, by which the wheel was kept in its place upon 
the axle. If the wheel and axle had been so fixed together as to be practically one whilst running, 
the fracture under notice would probably have occvmred, even in this case, and with this form of 
axle, outside of the wheel, and therefore open to observation. 

On the portion of line where this accident occurred the gradient was rising 1 in 240. 

We cannot conclude this portion of our subject, without drawing attention to the great advantage 
~ by cast steel in all instances of construction, in which a strain of torsion is to be resisted. 




_his material is especially adapted for the manufacture of railway axles, since it will withstand a 
bending and a breaking strain of double the amount which wrought iron can sustain. The relative 

diameters of two axles, one of cast steel and the other of wrought iron, will be l/l : i/2 , or nearly 
as 4 : 5, and the relative weights as 0*63 : 1. The loads being equal, an axle of cast steel will 
have only five-eighths of the weight of one of wrought iron, and yet do the same work. Another 
advantage resulting from the employment of cast steel in axles, is that the journals may be made 
a great deal smaller. The diameter of the journal of a cast-steel axle is to that of one of wrought 
iiSa as 0*707 : 1. Tnis reduction in the diameter is partly owin^ to the fact, that under a given 
pressure, steel journals heat less rapidly than those of wrought iron. Moreover, the smaller the 
diameter of the journals, compared with that of the wheels, the easier the haulage. It will be 
manifest from our remarks on uie shearing strain of materials, that the edges of the wheel-beds are 
very much exposed to a strain of that character. In practice this liability is very much mitigated 
by rounding off the edges of the wheel bearings, so as to bring the pressure nearer the centre of 
the bearing surface. The testing of the strength of axles is frequently accomplished bv the 
hydraulic press. An example tested at Berlin was submitted to a pressure of 410 atmospneres, 
wnen the body of the press gave way, and the trial was left unfinished. 

Working Load, — The actual load which is placed, in practice, upon any single beam or oom- 

>und structure is considerably less than that which would break it The proportion which this 

~, or working load as it is technically called, should bear to the ultimate strength of the material. 



poun 
load. 



has long been an undecided question. Engineers are still far from unanimous on the point The 
extreme limits have been put at 8 and 10. The proportion, moreover, depends not only upon the 
absolute breaking strength of the material, but also upon the particular conditions under which 
the body is plao^ Manifestly, a beiun which would safely carry 10 tons placed gradually and 
gently upon the centre, would not bear the same load let fall upon it, from a neight of 10 or 12 ft. 
The proportion which the safe working load, or the load applied in practice to any material, bears 
to the Ultimate strength of the materi^ is called the fraction of safety The values of this fraction 
are given in Table IX. for difierent materials under different specified conditions, In fractional 
parts of the ultimate or breaking strength. In applying these values of the fraction of safety, care 
must be taken to employ the ul&nate strength corresponding to the strain to which the material 
is subiected. Hie nature of the strain which the material undergoes must be first ascertained, 
and then the proper fraction of safety applied to the calculation. The factor of safety is the 
inverse of the vidues given in Table 12:. Thus the factor of safety for a pillar of wrought iron not 
subject to vibration is 4. The rule of the Board of Trade allows for railway girders, a working 
tensile strain of 1*25 ton to the square inch, and a compressive strain of 6*0 tons on the same 
unit for good oast iron. The structure is supposed to be secured from defieotion. The rule is 
as follows ; — In a cast-iron bridge, the breaking weight of the girders shall not be less than three 
times the permanent load, due to the weight of the superstructure, plus six times the greatest 
moving loful that can be brought upon it. In practice, engineers modifv this rule a little, and 
design cast-iron girders to bear a breaking weight of six tunes the total load, or six times the 
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permanent load, ploB six times the greatest moving load. For wrought-inm railway bridged, the 
rule of the Board of Trade is ; — ^In a wrooght-iron bridge, the greatest load which can be brought 
upon it, plus the weight of the superstmoture, shall not produce a greater stxain upon any part of 
the material than 5 tons to the square inch. This is tantamount to assuming that one-fourth 
of the breaking strain for wrought-iron girders subject to vibration is the safe working strain, and 
this is the proportion adopted by English engineers. The French rule is that the safe working 
strain shiJl not exceed 3*81 tons to the square inch, which would make the ratio as 5-25 to 1. In 
Table IX. the values given for steel are derived from verv imperfect data, our experience with 
regajrd to the use of that material as a constructive agent being still very limited. For the safe 
working load on timber piles, driven into the ground, experience has i^wn that 1000 lbs. to the 
square inch of the head of the pile may be allowed, and about one-fifth of this amount for piles 
driven into soft ground, and having comparatively but little hold. 

Table IX. — Valubb or tbb Fbaotioiis or Baivtt vob "DtrrKasar Matbbialb. 



HowSttoated. 



FracOon. 



Cast Iron, 
Pillar not subject to vibration or impact \ 

„ subject „ « A 

Beam or girder subject to vibration and 

impact, such as a railway - bridge 

giraer 

Beam or girder not subject to vibration \ 

„ „ subject to sudden shocksl . 

as in cranes and machinery .. / " 

Wrought Inm, 

Pillar not subject to vibration .. \ 

„ subject „ j- 

„ subject to direct and sudden shocks ^ 

Boiler-work ^ 

Chains i 

Wire rope, round \ 

flat i 

Beam or girder subject to vibration .. \ 



HbwSltnatod. 



Ftacikm. 



Beam or girder not subject to vibration \ 
„ n subjeot to snddm and\ . 
violent shookB /« 

8tea. 

Plates under a tensile strain \ 

Pillars not subject to any flexure . . \ 

Timber, 

Posts and pillars ^ 

„ used for temporary works .. „ \ 
Piles when fixed in the earth .. .. ^ 
In bridges and permanent structures .. -^ 



Brickwork, stone, concrete, and rubblel . 

masonry / « 

Ashlar and out stone in pillars and| j. 

ring-pens /■o 

Common mortar ^ 

Cordage \ 



Boiled Iron Beams, — There are two classes of beams which remain to be mentioned, namely, the 
wronght-iron rolled beam and the flitch or composite beam. The former is shown in Fies. 5428 
to 5483, and consists of an upper and lower flange of equal sectional area and a vertical rib. The 
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Distrttmtod 


Span. 


Safe Load. 


feet 


toofl. 


6 


2-0 


8 


1-7 


10 


1-4 


12 


1-2 


14 


10 


16 


0-9 
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V 



I 



IU\ 



8 


3-6 


10 


8-8 


12 


2-9 


14 


2-4 


16 


20 


18 


1-7 




n^ _.. 


Distrilmted 


SpWL 


Safe Load. 


feet 


tOM. 


10 


22-0 


12 


19-1 


14 


16-0 


16 


13-2 


18 


121 


20 


110 


22 


90 


24 


8-2 


26 


7-8 
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-U 



Iht 



8 


6-8 


10 


5-7 


12 


4-8 


14 


4-0 


16 


3-4 


18 


3-1 


20 


2-8 


22 


2*5 




10 


180 


12 


150 


14 


13-0 


16 


11-0 


IS 


9-0 


20 


80 


22 


70 


24 


60 


26 


50 
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r' 


10 


S4 




12 


69 




14 


57 




16 


47 




IS 


88 




20 


33 




22 


MO 




24 


27 




26 


24 



web !a niffloleiit to add to the Btrenrth of the bewn, and thU muks the 
iKht-iron n>Ued beam and one of limiiar form, but which iBbaittupofpIatet 



2408 



MATERIALS OF OONSTBUOTION, Stbbnoth of. 



the beam. There are twc methods '>f calculating the strength of the rolled beam, so as to indode 
the resistance of the web. By the one, the strength may be first calculated on the assumption that 
the resistance of tho web is nil, and the strength of the web cadculated separately as that of a single 
rectangular beam. The sum of the twc calculations will give the total strength of the beam. By 
the other, the total strength of the beam is calculated by the ordinary formukk, and the resistance 
of the web allowed for, by increasing the value of the constant. The latter method is the simpler, 
and, moreover, since it is founded on the assumption that the beam is secured only from lateral 
deflection, instead of supposing the web to act as an independent beam, is a safer one to adopt. 
The supposition of the web acting in this matter has not been established by any experiment. 
The breaking load of wrought-iron rolled beams of the section shown in Fig. 5423, may be thus 
calculated ,- — ^Let W = weight in tons uniformlv distributed over the beam which is supported at 
both ends ; A = sectional area in inches, D = depth in inches, L = span in inches, and a con- 

2 X A X D X 

stant equal to 80. Then W = = As an example ; — ^What is tho breaking weight 

Li 

in tons uniformly distributed over a rolled beam, having each flange equal to 2| in. in breadth, by 

2 )( 1 * 25 X 6 y 80 
iin.inthickne8s,adepthof 6in.andaspanof 2Cft.? By the f onnula W = ^ — r^ = 5 

tons. Tho value of the constant G must never be taken so high as 80, unleas the rib is suiBciently 
thick to prevent the slightest tendency to lateral deflection. In the case of built-up beams, its 
value should not be greater than 75. The rolled beams aro very useful for joists, especially where 
the floors are reauireid to be fire-proof. They can be rolled in one piece up to about 80 ft. in length, 
and 15 in. in depth. The breaking weight in tons, uniformly distributed, for rolled beems of 
different spans and dimensions is given in Table X. The depth and sectional area are in inches. 

Table X. — Strength or Rolled WBOUGar-iBOir Bbakb. 



Depth of 



DtmenaloDS of 
Flange. 



5 

6 

7 

8 

9 

10 

11 

12 

IS 

14 

15 



2 

2i 
8 

8 

4 

4J 

4* 
5 

6 

7 

7 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



i 

i 

I 

1 
1 
1 
1 
1 
1 



Breaking Welglito in Tooa. 



G^pan In feet, 
10. 






6 

10 

14 

20 

86 

60 

66 

80 

104 

180 

140 



60 

•00 

00 

•00 

00 

00 

00 

00 

•60 

•66 

•00 



Span in feet, 
16. 



Spanlnftet, 
SO. 



4 40 
6*60 
9-83 
18 20 
24 00 
40 00 
44 00 
62 00 
69 88 
8711 
98 88 



8 
5 
7 
10 
18 
80 
83 
40 
52 
65 
70 



-80 
•00 
00 
•00 
00 
00 
00 
00 
00 
88 
00 



Span in feet, 
as. 



^Mnlnfset, 
80. 



2-64 

400 

5-60 

8-00 

14*40 

24-00 

26-40 

82-00 

41-60 

52-26 

56*00 



2*20 

8*80 

4-66 

6-66 

12*00 

2000 

22*00 

26*66 

84*66 

48*55 

46 66 



If the value of L be taken in feet, th6 formula for the breaking weight may be written 

18'88 X A X D 
W = = • We have selected a few of the numerous examples of rolled joists and 

their combinations from those introduced and manufSaotured by Measures Bros, and Go. The spans 
in feet and the safe loads corresponding are annexed. The depth of a rolled girder may be 
taken somewhat less than in the case of a built-up girder, owing to the much greater lateral stiff- 
ness. In the case of girders with narrow flanges they should not be used of a less depth than ^ 
of the span, but when wide flanges are emi)loy6d, the ratio, according to the statement of the manu- 
facturer, may be safely reduced to J^. This we do not concur in. from -^to-^ will be found the 
most economical proportion, as well as that most in accordance with scientific aesigning. Where 
the depth is fixed by the consideration of headway or by other contingencies, and heavy weights 
have to be supported, two or three girders may be placed side by side, and riveted together with a 
top and bottom plate covering the whole breadth, as shown in Figs. 5431 to 5483. It must be 
borne in mind that not quite the whole additional strength is gained by this arrangement, as the 
plate acts also as a wrapper or cover for the joints existing Mtween the separate beams. The 
arrangement is, however, occasionally advantageous, as it t^ords a yerj stiff girder with a com- 
paratively small depth. For moderate-size sections, the simple rolled girder is to be preferred to 
the built-up one, but when the depth exceeds a foot, it becomes a question of calculation. Supposing 
the price a ton of the two beams when complete to be the same, it is clear that, assuming them 
to oe similar in net sectional area and other dimensions, the one which supports the greater load 
proportionally to its own weight will be the cheaper. There is always a loss in metal in all rolled 
giraers, because the web must be thicker than wnat is required. As already stated, the increase 
of thickness does give additional strength to the girder, but not to the same extent as if the super- 
fluous material were removed from the web and transferred to the flanges, where its power of 
resistance to strain is a maximum. The difference is, that in a built-up girder, we can place the 
material exactly where we please, whereas wo have not so much fireedom of design in a rolled 
beam. 

jmtch Seama. — ^Flitch beams are a combination of timber and iron, and are chiefly employed 
when but a moderate degree of strength is required, but considerable bearing surface, and a ready 
means of attaching other timbers and parts of framework. Some examples are shown in Figs. 5434, 
5435. Their strength may be thus calculated. Let B and D = breadth and depth of the wood 



UATEBIAXS OF OONSTBTJOTION, Stbxhoth of. 2109 

in Inoheo, T the thloknen cJ the inn plkte or flitch, L the ipan In feet, ft ooiutuit, mi W the 
bnoking weight in owt«. tmifinnilj dietribnted over the beun; then W = " "* ^^ ° "^ °° "^^ 
The valnee for C for diiferent mftteriala mo, teak = 4*0, elm = 2-0^ fli = 2'0, oak = S'O. The 



^. e beam, howavar, is not 

Mrionelf imnimd, beyond the weakening due to the holes 
mftde for the oolta. The French engineen aometimea build 



np K Sitoh beam with platea and angla-iioni, but in the | 
okloulkt^ of the itrength, the timber ia not t^en into 
aooount. The Blmpla nuied Joist ia pisfeiable to the flitch 
beam, which at the beat la bat m makeahift, since the 



timbfi b; Itaelf wotild not can; the load^ and the iron 
without the support of the timber woold give wav bj | 
lateral flexure. A flitch beam of wood and iron platea 
makes a very convenient rafter for roofs not aioeeding 
40 It. in span, and ie, so fsf as sofe^ is concerned, qnlta 

as fire-proof as if it were all of solid iron. It offera saperlor fbcllltiee for attaching the purlins and 
lonver Mtme, which can be fixed with small wood screws, which do not damageue material. In 
new ooantriea where timber is cheap, aod iron oul? to be obtained in plain bue and platea, flitoh 
beams can be need with great advantage. The; are also much used in waiehoases, being 
freqaentl; bnllt in, or eneaab^ in the wnlls. Unless protected bom the weather, flitch beuns are 
not dnrable even whan the timber is cieoaoted, althcngh the latter prooeas enables them to last 
longer than the; would do otherwi«e. 

Btickbd flidt*. — As a material of construction, Hallet's buckled plates have been very ex- 
tenBtvely employed, their peculiar form imparting to them great etnngln and rigidity. 

The titles buckled plate, has been given by the inventor to any plale of iron or other metal, the 
nrCaoe of which has been curved w arched, with a very small rise or enrvature spriugiog from the 
edges of the plate in all dlreotiona towards Uio cental with or without a flat margb idl round, such 
that a trancrene aeotion of the plate, in any direction, presents a curved line, as in Figa. HSe to MS9. 
Each i^te ia tbevefbn a very thin and flat polygrHud dome or |,^ 

groined arch; the thmstaof an Impoeed load upon which, in the 
direction of any twcoppoaito sides, ate sostained b; the tonsioni 
of the outer portions of the adjaoent sides of the plate. The 
flat margin all round ia called the fillet 

Sooh a plate applied as part of a floor, for example, preaents 
ft form poasMeed of groat tranavenw strength and stidess, when 
capporled and bolted or riveted down round the edges, or sup- 
plied alone without bolting or riveting down, or supported only §' 
at two oppcelte edges, or even at the comers. Its atrengtb and S 
atifheas are nearly the aoma, whether the safe load is applied 
npon the oanvex or upon the concave side. It 'also pooanssos 
great rigidity and stiflneaa in every direction In the plane of the 
pUtc^ so thu anch plates beoome an important element of struo- 
iniftl atrmgth, whmi uaed aa bridge flotmng. These platea also 

posMM great sdength to reaiat tonion, or the efl'eot of equal and _^.- ^,^ 

opposite ttansTorBe forces applied at adjaoent angles of the ■lWfrJ?*r- **irv'^^ 

pUte, Si shown in Fig. 513& 

The resi ■ 

thiokoeas aL . _. , . ._. _„. .... 

down all round, gives donble the resistance of the same plate merely supported all round, and if 
two opposite sidee be wholly nnsupported, its reaislanoe is rednoed in the ratio of 8 to 5. Within 
tha limit of safe load the resiatanoe is nearly the same, whether it be upon the crown or nnlformly 
diiHued, The stiflheas at any point of the plate, as ag^iat unequal loading, is as the square of 
the thiokneas nearly, and inversely as the curratore. The ourvatnrej unless for special object, 
should never exceed that which will just prevent tbe crippling load tamging the plate down flat, 
by oompreasion of the material; lesa than 2 in. versed line of ourvaturenaa been found sufficient 
wt I-in. boAled plate 4 fL eqaare. 

A S-tt square buckled plate, of ordinary BtaBbrdshire Iron \ In. thick, 2 In. In width of fillet, 
1) in. onrvatnie, snpporled only all round, requires upwards of 9 tons dlfi^aed over about half the 
anperfleieaat the crown to cripple it down, and donble this, or 18 tone, to cripple It if firmly bidted 
or riveted down to rigid framing all round. A similar plate of soft puddled ateel has been found 
to bear nearly donble the preoeding, or 85 tons, to the square yard. The buckled plates of the 
floor of Westminster new bridge, each averaging 7 ft by 3 ft, ) lo. thick, and 3| in. onrvature, 
were tested by lowering upon the crown of each a block of granite of 17 tona weight which they 
sustained without injun, In atmctures expcaed to impnlsive loads, such as railway or other 
bridge flooring, on»«tith of these oripiding loads should not be exceeded for the vfe lead, nor one- 
fonrth for quiescent loading. 

The floors of flre-proof bnildinga farmed of thin buckled plates, laid on wrought-iron girders and 
eross-jtrists, and covmed with a stmtnmof 4 or in. of oonorete, with a tiled, slate, bearded or other 
floor surface above, constitute a good flre-proof conetmction. As compared with the common aystem 
of brick arching on iron beoma, anch lloaring presents the advantages sf reduced thickneoa and 
weight, and relief of the naiiB (torn all thrust or strain by expansion. 
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Backled plates may readily be galvanind, either before or after bookling. Unlen out of reach 
of the moist and saline atmosphere, extending some miles horn all sea-ooasts, and remote from the 
still more destruotive action of the snlphnr acids in the air of onr ooal-consoming cities, galranizing 
is not always a certain protection to iron from corrosion. 

Rolled, plate, or sheet iron, ia the material of which backled plates are formed. Backled plates 
of thin sheet zinc, in tiles 2 fc sqoare, form roof coverings of strength, lightness, and elegance. 
The adaptation of paddled steel as a material for backled plates has lately opeiaed a new field for 
their applications. Bach plat<M noesess double the stiffiiess and tenacity, and more than double the 
resistance to compression of rolled iron of equal dimensions. 

The size of buckled plates formed of one single rolled plate, is only limited by the breadth to 
which sheet or plate iron can be rolled, at market prices ; and'the sizes that have been found moat 
advantageous for the majority of purposes, are plates of 3 ft and of 4 ft. square, or of those widths 
by the full length of the she jt. Compound plates, possessing the properties of buckled plates, may 
be formed by uniting into one several smaller curved plates ; ana such large areaii^nnd budde- 
plates, for roofs and floors of prison ceUs instead of arching, and for water-taaks. 

Square plates of either of the two ordinary market sizes are alwavs to be preferred, on the 
ground of economy in prime oo^ and in application, and in being obtained with fBcility. Square 
plates produce a stronger floor, with a given weight of ixon, tban any other form. The resistance 
of the latter being that nearly of a square plate, whoae dde is equal the longer dimension. 
Buckled plates of 3 ft. or of 4 ft. square can be leadily adapted to the naming of any structure. If 
rectangular plates are used, the longer tdge should not be much more m length than twice 
the shorter. 

Buckled plates may be oflitBd to each other, or to the frame of the structure they cover, by 
either lap or oott jomv, as ^own in Figs 5440, 5441, either by screw-bolts, rivets, or wood screws, 
and the jofaiti are made absolutely water-tight, when required, by riveting and chinking up ; b v 
interposed strips of tape or of felt, saturated in oil cement, or in tar and pitch ; bv strips of vul- 
canized india-rubber, or by a thin layer of oil putty. * Economy is always consulted by supporting 
each plate all round, one pair of opposite fillets restia^ on the girders or joists of the structure, 
and the joints of the cross fillets supported by an angle-iron above, thus forming a lap-plate. 



Tabli 07 Stbinqth and Weiqht of Bugeled Plates. 



X. 



No. 



1 
2 
8 

4 
5 
6 
7 
8 



Thlckneai of Plate. 



aw.o. 

No. 18 
No. 16 
No. 12 



9* 
f* 
>» 
f» 



*048 
•066 
•107 

i 

t 
A 
« 



Weight A 

■qiiArejrud 

wBuckled 

Plato. 



Weight of aa equal 

mraoe,! aquan 

yard, of Corrugated 

Plateof corro- 
qponding thiokneaa. 



Ifaa. 
17-8 
23' 
88 
45 
67 
90 
112' 



6 
7 

5 

5 



1850 



Iha. 

20-7 

28-8 

46' 

54 

81 
108 
135 
162 



4 









Safe jMaalve Load, 
uniformly dlfliiaed 

aaquare yard, 
fbr 3 feet aqoare 

Buckled Platea. 



tona. 
0-27 

43 

64 



5 

5 

2 







1 
2 

4 
6 
9 



Safe ImpnlalTS Load, 

onUbrmly dllAiaad 

aaquare yard, 

IbrSfeetagaaire 

Buckled Platoa. 



tona 
20 
0-32 
0*48 
75 

7 



7 



1 
8 
4 



6-8 



Neaieat 

number of 

aauareyirda 

!n 1 ton of 

Buokled Plates. 



aq.yda. 
129 
95 
57 
49 
83 
24 
20 
16 



The safe loada, In oolumna 6 and S, may be taken at double fbr backled platea of paddled ateeL 

In Figs. 5440 to 5444 are shown the different methods of formine joints with the buokled plates. 
They are all good, with perhaps the exception of Fig. 5444, as thenUet of Uie plate which overlaps 
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S441. 



S442. 



Sunpi^Loip* 



fScFf^pl» JBuw, 
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X^6yfn/J^/tWiIcutt, 



Zap with/Ed^ ori%aX£f 



the other would require especial workmanship and consequently entail extra cost Beaides, the 
same purpose would be equally well answered oy employing an ordinary angle or T vton. 

Corrugated Iron, — Little or no information exists with respect to the strength of corrugated 
iron, but the following experiments, by J. H. E. Hart, of Uie P. W. D. India, on its transverse 
strength will be found valuable. The iron was supposed to be of the following gauges ;^ 
8 BWG, 10 BWG. 12 BWG, 16 BWG, 22 BWG. The sheets or plates were supported on trestles, 
and loaded in their middle by weights susoended in a scale pan. The bending action of the load 
was distributed along t|^e transverse axis by a rigid bar of timber laid across the sheet at right 
angles to the corrugations, and the pressure of this bar was distributed to ridge and furrow by a 
layer of damp sand. Fastened to this bar by a cotter was a flat strip of steel, which, passing 
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through a slot in the sheets, suspended a stirrnp with a univenal joint oanrying a looghly-made 
SGale beam. The dimensions of the slot were f in. long by | in. wide. 

The object of this arrangement was to obviate any unequal strain on one side or other of the 
sheets, through the oscillations of the load in the scale pan. The trestles were movable along 
sleepers sunk in the ground, so that the bearings of the sheets oould be altered at pleasure. The 
deflections were measured with a scale of 50ths of an inch, which was hung from the lower side of 
the sheets, between silk threads stretched by weights between the trestles. The thicknesses of the 
slieets were measured with a scale of 100th of an inch, read off with a magnifying glass. The 
sheets broken were of various breadths in order to test the accuracy of the formula ; for the same 
reason the bearings were made to vary ; and in order that the comparison might be closer, several 
of the broken sheets were again subjected to experiment. The constant, or modulus of rupture, 
arrived at is on the whole sufficiently uniform, and establishes fairly Bankine's approximate formula, 
for the moment of zesistanoe of corrugated iron, given in his Manual of Civil Ekigineeiing ; — 



15J^^ 



hbt. 



which equated with the bending moment for a central load gives 

4/»,.. W/ , /• 15 W/ 

— , whence^ = TTTTr 



15 J a 



by which formula the modulus of mpUuefa ^ calculated. 
In the formula ; — 

W = The total load in pounds ; 

h = The height of the corrugations measured fhxn ridge to ftirrow ; 
6 and i = The breadth and thickness respectively of the sheets in inches ; 
i 3 The bearing or span between supports in inchea 

The heights of the corrugations wen fimid to be tery vneqnal, nai oofy in wdjmad lid^Bi aad 

Ihrrows, but also in different parts of the same furrow. The heights given in the data are the 
average of all across the sheet in the middle, as shown in the sketches of the section in Figs. 
5445 to 5457. The outer corruptions, unless the plate was expressly cut. were not of thd full 
depth, and their heights were rejected as an element of strong^. The thicknesses varied in dif- 
ferent sheets of the same gauge, and also slightlv in different parts of the same sheet. They were 
measured iit>m a piece cut out of the sheet, and carefully filed true ; in few cases, however, did 
they correspond with the tabular value of the thickness of the supposed gauge of the sheets. 
The placing and removal of the loading was effected through the medium of a lever and screw- 
jack, which arrlBingement obviated any chance of a jar of the material from jerks or vibrations of 
the load. Every care was taken to avoid inaccuracy, either of observation or of result. 



No. of 
Experi- 
ment. 


DeKTiption of Sheet 

• 


Weight 
inlba 


Deflection 
Ininchee. 


DImenalons of Sheet, and Bemarka 


1 


Gauge No. 22 


164 


•60 


< = 029 in. 






220 


•82 


/ = 60in. 




Size of sheet 8* X 2' 8" .. .. 


234 


•88 


&s27in. 




Weight of sheet 28 lbs. .. .. 


248 


92 


*- 67 /./a = 46567 lbs. 




„ a sq. ft = 1*56 lb... .. 


262 
276 


100 
108 


onsq. m. 






290 


114 


Yielded slowlv on adding 
last weight oy tearing of 






804 


1^22 






480 


broke 


lower corrugations on 
each side of slot in 
middle. 



644Bw 



2 



Gauge No. 20 



Biie of sheet 6' X 2' 7r 
Weight of sheet 29 lbs. . . . . 
a8q.ft. = l'881b. .. 



»> 



90 


•18 


146 


•28 


202 


•40 


258 


•52 


814 


•64 


870 


•78 


426 


•96 




ultimate 


640 


6^8 


641 


brake 



<= OSSin. 
/ = 60 

6 = 81-75 •/, 

*= -71 



45628 



MiOL 
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MATERIALS OF OONSTBUOTION, Stbbnoth of. 



No. of 

Experi* 

menL 


DeBertpOonofSheei. 


Weight 
In lbs. 


Deflection 
In Inches. 




2a 


TTninjured end of aboTe sheet re- 
broken.. 


1448 


broke 


/ = 30 in. 

h= -72 .•./, = 50900 


3 


GsngeNal? 

Size of sheet 6' X 2* 8r .. .. 
Weight of sheet 88 Ibe. .. .. 
„ a sq.ft. = 2-76 lbs. 

644T. 


•46 

102 

158 

214 

882 

1161 


•08 
•12 

•20 

•81 
•40 
broke 


* = •OO in. 
/ = 60 

6 = 27^5 /./a = 41663 

h= -95 

Two separate sheets with 
weight hnng between the 
right-hand sheet failed 
flntt 


^ 


\ V" 


^ i 



8a 



Uninjured end of aboYe sheet re- 
broken •• .. .. 



Gange No. 17 



8i2eofsheet6'x2'3i" 
Weight of sheet 38} lbs. 
„ a sq.ft. = 2-77 lbs... 



1018 


broke 


160 


•12 


272 


•22 


884 


•84 


496 


•46 


720 


•72 


1224 


broke 



6448. 



1 =30A= •866=^3-5 
.•./a = 41101 

« = •OO in. 
/ = 60 

6 = 27^75 .-./, = 43528 

Yielded slowly with pucker- 
ing of the top cormgation 
and spreading at sides. 




Gange No. 13 or 12 



Size of sheet 6' X 2' 9", 
Weight of sheet .. . 
„ a sq. ft. 



260 


•28 


596 


•46 


1044 


•68 


1794 


a 


1895 





2114 


d 


2160 


broke 



i = •OOO in. 

/ = 60 

6 = 83 

A= -9 

a here received a shodk from 
slipping of lifting tackle. 

c Ditto ditto. 

d plate bepui to sink 
visibly, giving most at 
side where h was least 



u''\j'\j\r\Aj^ 



6 



Gange No. 12 

Size of sheet 6' Oi" x 0' 10 1" 

Weight of sheet 24*5 lbs. .. 
asq. ft. 4*84 .. .. 



»i 



151 


•12 


263 


•20 


875 


•30 


487 


•38 


599 


•46 


1050 





t 
I 

h 

h 



•1 in. 
48 

10^1 .-./a = 49770 
•94 

5450. 



6a 
66 



} Uninjured ends of above sheet re- 
broken 



{ 



Gauge No. 12 



Sizeofsheet6'0rx0'99 

Weight of sheet 23' 5 lbs. . 
a sq. ft 4^78 lbs. 



>» 






1768 




2210 




152 


•10 


264 


•18 


376 


•26 


488 


•SO 


600 


•44 


768 


•60 


VOX 


broke 



/ 



80 .•./, = 52876-4 
24 .\fa = 52374-6 




ICATEBIALS OF OONSTBUOTION, Stbbngth of 



3418 



Naof 



8 



DeKaipaon of Sheet 

Gauge Na 18 or 12 

Size of sheet 6' X 1 

Weight of aheet 27 lbs. .. .^ 
„ asq. ft.4 50 lbs. .. .. 

Gauge No. 13 or 12 

Size of sheet 6* X r 

Weight of sheet 28 lbs 

^,, a sq.ft. 4 66 lbs. .. .. 



S463. 



Wel^ 


Deflectkm 


inlba. 


InliiGfaee. 


90 


•44 


146 


•72 


202 


10 


258 


1 86 


814 


1*8 


428 


broke 



DtaBenrions ctf Swe^ ud Bflmite 




9 



10 



Gauge No. 12 or 11 



Size of sheet 6' X 2' 9" 

Weight of sheet 108 Iba 
„ a sq.ft. 6*24 lbs. 



90 


•84 


146 


•58 


202 


80 


258 


104 


814 


1^26 


426 


210 




ultimate 


480 


2-78 


488 


broke 



«= 095in. 
/ = 60 

6 = 12 ,'.fa ^ 41959 4 

A = 56 

These two sheets 8 and 9 
are rolled to sharper 
curres at the oonraga- 
ttoDS than others, and ap- 
proach the zigaig form. 
They are also got from 
the same whole sheet 
cat in half^ and show a 
enrious disorepanoy in 
the height of eoiraga- 
ticns. 



212 1 


12 


486 


' 20 


660 


26 


884 


82 


1108 


•86 


1882 


•44 


1780 


•56 


4000 


broke 



<= •12 in. 

/ = 60 

6 = 83 .'.fa = 58940 

As -964 



B464. 



11 



a%/\/v^«A«ro 



Gauge No. 12 or 11 



Bizeofsheet6'x2'9".. 
Weight of sheet 88 lbs. 
a8q.fL5'841be. 



n 



90 
202 

426 

650 

762 

900 

1251 

2750 
8072 



•06 
•10 

•20 

80 
84 

•40 
'58a 

•18 

broke 6 



<= -115 in. 

/ = 60 

6 =88 .-./a = 46378 

A= 964 



Oj Load removed, plate re- 
turned to the horizontal 

6, Ultimate deflection ot^ 
served at 8000 was 4 6' 



12 



'%/V*WtW*W%/^ 



Gauge No. 9 



Size of sheet 6' xr 8".. .. 

Weight of sheet 49 lbs. 

a sq.ft. 6*53 lbs... 



tf 



v%i/Tw%» 



202 


•18 


426 


'86 


650 


•50 


874 


•60 


1110 


•84 


1334 


102 


1558 


1-40 


1850 


broke 



i 
I 

b 

h 



•15 in. 
60 

15 .-. fa 

•97 



= 47760 
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MATERIALS OP 00N8TRU0TI0N, Strbngth of. 



No. of 
Experi- 
ment. 



13 



DescrlpUoa of Sheet. 



Gauge No. 2 



Size of sheet 6' X r 8" 

Weight of sheet 47} lbs. 
„ asq. ft. 6-86 lbs... 




• 




Weight 
inlbB. 


Deflection 
in Inches. 


202 
426a 


•20 

•86 


650 


•52 


874 
1098 
13226 


•64 

'80 

102 


1660 


nit def. 
2-84 


1662 


broke 



DlmaiBionfl of Shert, and Bemaxka. 

t= '15 ilL 
/=60 

6 = 15 .-. fa = 43281 

* = '96 

a. Outer edge began to 
cripple. 

6, Load remoTed and sheet 
returned to deflection of 
•04 only. 



Mean value of fa = 46682 from all experiments, or = 45916 omitting Ko. 10. 



It appears from these experiments that the highest and lowest values otfa aw respectively 

68940 and 41101 ; the former of these extreme values is open to suspicion, because of the great 

discrepancy between i^e breaking load of it and its sister sheet, Na 11. The mean value of 

fa from the remaining experiments would be, as nearly as might be, 46000, and this may be 

adopted as its true value. Experiments 2, 2a, and 6, 6a, show that the strength varies inversely 
as the length, although a slight increase of strength appears in the shorter sheets, which may m 
accounted for by the deflectioa being less. The breadth does not appear to influence the constant, 
80 that we may assume the strengtii to vary as this dimension. The depth also of corrugation 
does not appear to inflaeuoe the result other than directly ; thii is, however, a point that could 
only be examined by having similar sheets rolled of varying depths of corrugations. However, 
Experiments 5, 8, and 9, afibrd a comparison as for as they go. Experiments 6, 7, 12, and 13, show 
that in narrow sheets the position of the side edge, whether in tension or compression, makes a 
difference. This is a necessary conseauence .of the laws of the strength of materials, and it was 
observable that when the side edges of the plates were up, as in Experiment 7, the edges crippled 
early in the experiment ; while when they were down, as in Experiment 6, thev did not fail till 
later. All plates flnst showed symptoms of failure at the side edges. None of the plates gave 
way suddenly, but each sank slowly when the breaking weight had been reached. As a rule, 
they appeared to fail by the spreading of the corrugations at the middle, and did not crush at the 
tops of the ridges ; on the contrary, when the sheet was allowed to sink till rupture of the material 
took place, fracture occurred by tearing of the furrow commencing from each side of the central 
slot, and proceeding towards the sides of the sheet at right angles to the length. 

It is probable that had the sheet been prevented from spreading by strips riveted across it, as 
recommended by Bankine, the constant woidd have increased in value. In oridges, the adjoining 
sheets would act so as to oppose the spreading, and this may be looked upon as an element of 
strength. The results of the observations of the deflections seem to be uniform, but at present no 
deductions from them are made. The ultimate deflections were in a few instances observed as 
a matter of curiosity, but in most cases it was not possible to hit off the very extreme deflections. 

ConclwUng Semarka, — ^It has often been asserted that our knowledge, with respect to a subject 
so important as that we have just considered, is very imperfect. To a certain extent the assertion 
is true. It cannot be denied that although we possess an amount of knowledge relative to the 
subject, which is suflSoient to enable us to design any structure with safety, yet it is very doubtful 
if tlie greatest amount of economy is also ensured. When authorities differ with regard to the 
strength of any material or combination of materials, tlie obviously only safe plan for the engineer 
or architect to adopt is to allow a large margin, which, in numerous instances, is excessive. Hence 
arises a considerable waste of material, and, moreover, a want of confidence in the design, which is 
extremely unsatisfactory to the designer. It is now close upon thirty years since any series of 
experiments, bearing the stamp of Government authority, has heen carried out. Since that period, 
the art of construction has undergone many modifications and been subjected to several innovations. 
A series of international experiments upon the strength of materials, to be carried out by a 
committee of eminent scientific and proressional men appointed by the principal Governments, 
would be of the greatest value to the cause of science and technical education. It is not enough to 
design a structure so that it shall be su£Sciently strong for its purpose, but to design it so thiat it 
shall be no stronger than necessary, and thus solve the great problem, which is to ensure the 
greatest amount of strength with the least amount of material. 

Books on the Strength of ifateriWf ;— TumbuU (W.), 'On the Strength ot Cast-Iron Beams,' 8vo, 
1832. Tumbull (W.). * On the Strength and Stiffness of Timber,' 8vo, 1833. * Report of the Com- 
missioners appointed to Inquire into the Application of Iron to Bailway Structures,' 2 vols, folio, 
1849. Tate (J.). *0n the Strength of Bfaterials,' 8vo, 1850. Clark (E), * Britannia and Conway 
Bridges,' 8vo, 1850. Tredgold and Hodgkinson * On the Strength of Cast Iron and other Metals,' 
8vo, 1861. Belanger (J. B.\ 'Thckirie de la R^istance des Solides,' 8vo, Paris, 1862. Morin (A.), 
'Resistance des Matdriaux,^ 2 vols. 8vo, Paris, 1862. Eirkaldy (D.), 'Experiments on Wrought 
lion and Steel, 8vo, 1864. * Leoons sur la Resistance des Mat^riaux,' par Nayier, avec Notes et 
Appendioes par M. Barre de St. venant, Paris, 1864. Barlow (P.), 'On the Strengtii of Materials^' 
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Sio, 1867. Baker (B.), ' On the Strengths of Beams, Colnmns, and Arches/ crown Sro, 1870. Fair- 
bairn (W.^. * The Application of Cast and Wrouc^ht Iron to Bailding Purposes/ 8vo, 1870. ' Tred- 
gold's Gupentry/ by J. T. Hnrst, crown 8vo, 1871. Wood (De Yolson), * Treatise on the Besistance 
of Materials/ 8vo, New York, 1871. Anderson (J.), ' The Stren^h of Materials and Structures,' 
12mo, 1872. Donaldson (W.), * New Formulas for the Loads and Deflections of Solid Beams and 
Girders/ 8yo, 1872. Pole (W.), • Iron as a Material of Oonstruction/ crown 8yo, 1872. Rankine 
(W. J. M.), 'Applied Mechanics/ 1872. Stoney (B. B.), * Theory of Strains/ 8vo» 1873. CargiU (T.>, 
* Strains upon Bridge Girders and Boof Trusses,' 8yo, 1873. 

MEASURING AND FOLDING. 

W, If, and T. Backings Folding and Measuring Machine, Figs. 5458 to 5464.— The noyelty in this 
machine consists in an arrangement of worm dhafts and wheels by means of which the rails used 
for holding the folded doth are moyed simultaneously and by one operation to suit the yarious 
lengths of folds required to be made, this arrangement being applicable, with slight modifications 
to either flat or circular tables ; and in an arrangement of beyel-wheels and shafts by which the 
crank studs which determine the length of the stroke of the folding arms, and consequently the 
length of the fold, are moyed simultaneously and by one operation. 

Hackings also use double folders or plaiting Imiyes placed one aboye the other about half an 
inch apart, and fingers actuated by cams and springs which lay hold of and retain the cloth at the 
end of each fold, the fingers being made to lay hold of the cloth between the double folders and in 
the interstices oetween them ; combined with an arzangement of parallel bars, cranks and side 
arms, by means of which the folders or plaiting arms are made to fold cloth on fiat tables. Also 
fingers working in recesses in the folding kniyCs for holding the cloth securely when folded : these 
fingers being raised by cams and pulled down by springs. 

Fig. 5458 represents an end deyation of a circular top folding and measuring machine haying 
Hackings' improyements attached. Figs. 5459 to 5461 are detached eleyatums of some of the parts ; 
Figs. 5462, 5463, the end and firont eleyations ; and Fig. 5464, a plan of a flat top folding and 
measuring Biaohine. 



M68. 




In Fig. 5458 the ordinary card rail brackets are shown prolonged by arms at a\ a*, terminating 
in bosses M>red to fit loose on the ordinary rocking shaft x. On the arms a', a', are fixed quadrants 
6*, 6*, being segments of worm-wheeU, haying the centre of the shafts x for a common centre. 
Goring into the ouadrants 6^, 6', are two conical worms c\ c*, one being a right-hand worm, and 
the other left hana. These worms c* and c* are fixed on the hollow shaft d. When the shaft d is 
turned round by means of the handle B, which fits on the square o of the shaft ef, the arms a\ a', are 
caused to approach or recede ^m one another according to the direction in which the handle is 
turned. On the shaft d is also fixed a worm (/, which gears into a quadrant A working on a stud. 
This quadrant has an arm attached to it, and a curyed slot • which clips the stud of the ordinary 
•wiyel arm A, and by the rotation of the shaft d causes the stud of the swiyel arm to move in the 
dot j. The quadrants &■, 6*, and the quadrant A are proportioned to work in unison with each 
oilier, 80 that tne rotation of the shaft d causes the swiyel arm h to take the right position for the 
length of fold to which the arms a\ a\ are moyed. 
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Od the Bhaft d Is also plaood k mitre-wbeel e gearing into a mitre-wheel of sIiiiilaT siie / placed 
on the shaft D, vbich extendi aoroa the machine. On the oppoaite end of the eliaft D 1b placed a 
mitre-wheel correepoading to /, which geejs into anothei mitre-wheel caneapoading to a placed on 
a shaft coneaponding to the shaft d, npoa which are placed worm* ooneipondlng to c*, if, and g, 
gearing into quadranla correepoDding to b', f, and A, attached to the card nil braoketa and swivel 
aims on the opposite Erde of the maobine. By the tmin of wheels thne desonbed the card nil 
brackets a', a*, and the oorreeponding oaiid rail bmcketa on the other end of the maohine, the 
awivel arm k, and the ooireepobiliDg swJTel arm at the other end of the nwehiae, are all mo*ed 
Bimnltaneonslf b; the lotatkm of the ahaft d. 



m 



r^3^ 



0^30 



m 
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the other end of the shaft / is placed the be?el-wheer m gearing into another bevel-wheel ii 
Fig. 5459, which has a long boas and another bevel-wheel o attacdied to it. The bevel-wheels 




5463. 







z 



I 




n find ne looee on the ordinary erank-ehall of the foaohine. The beveUwhed o gesn Info a mall 
berei-wheel p placed at- the end of the onmk-sorew a. and to whidi is attached in uie ordinary way 

7> 
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the orauk-atnd r. By ihis apparatus the orauk-stud r is shifted to give the reanired moyement to 
the knives of the maehine by Uie rotation of the shaft / turned by means of the bundle B, and 
acting on the train of wheels >fs n, o, and p. The bevel-wheel p, Fig. 5459, gears into another bevel- 
wheel «, which is fastened to a shaft t passing through the centre of the crank-shaft, and having at 
its opposite end another bevel-wheel corresponding to the wheel s, gearing into another bevel-wheel 
oorresponding to the wheel p, placed at the end of the crank-screw at the opposite end of the 
maohine, by which means both tne crank-studs are moved simultaneously. 

The handle B, Fig. 5458, has in it two recesses, one fitting on the square u, and the other on the 
square ey M> that both shafts d and / can be turned simultaneously by the same handle B ; and the 
sizes of the bevel-wheels m, a, o,p, are proportioned to the segments 6\ 6*, and A, so that the rotation 
of the shafts d and / together move in unison the four card rail arms, the two swivel arms, and the 
two cxank-studs, so that each part retains its proper working adiustment in respect of the others. 
Instead of the ordinary nuts, Hackings employ wioged or thnmo nuts, as at to\ to*, to*, tr*, for the 
pnipose of attaching the card rail bnidcets, swivel arms, and the crank-studs in their places. By 
this means they are enabled to alter the machine for a different length of fold ^'ithout the aid of 
a screw-key. 

In Figs. 5458, 5460, y^, y', represent a tempered spring carried by the bracket « fixed on the 
bottom cross rail of the machine. A*, A*, are two arms fixed by means of screws to the rooking 
shaft X, having slots in them through which the ends of the springs y\ y^ are passed. When the 
machine is set in motion the arms A', A', are oscillated by means of the shaft x, and have to over- 
come the resistanee of the spring y\ y*. The strength of the spring y\ y*, is proportioned to the 
weigbt of the side and swivel arms, and through the medium of A*, A', and x acts as a counterpoise 
to thom, enabling the driving pulley of the machine to be turned with about the same amount of 
power in all positions of the siae arms. 

In Fig. 5461 a section of an improved card rail is shown at E, and a plan of the same at F. 
The space usually filled with caid is here filled with alternate strips of india-rubber and wood, 
placed at an angle to the rail. Tliese strips of india-rubber and wood are shown as going in a 
parallel direction with the card rail at E and F. A modification of the same arrangement is siiown at 
G, H, in which the iJtemate strips of india-rubber and wood, instead of being placed parallel with 
the card rail, are pla<^ .transversely. Hackings also u^e, in lieu of the ordinary card, india- 
rubber backed with strong cloth, and covered on the face with coarse or fine emerv or glass to pre- 
vent injury to bleached and finished fabrics. In Figft. 5462 to 5464 the card rail bmoket is shown 
at 1, 2, 3, 4 and is attached to the screw 5, 5^*, bv means of a boss tapped to the same pitch as the 
screw. The screw 5, 5°, is made with a left-hand thread one portion of its length, and with a right 
hand for the other. On the extremity of 5 is placed a mitre-wheel 6, gearing into another mitre- 
wheel 7 placed on* the shaft 8, extending across the machine, and having at its opposite extremity 
another mitre-wheel 9 gearing into another mitre-wheel 10, which actuates a screw 11 oorrespord 
ing to 5, 5". By this means the rotation of the screw 5, 5", causes all the card rail bxaokets, 1, 2, 3, 
and 4 to approach or recede from one another according to the direction in which it is turned. 

The ordinary side arm 12 made to oscillate in the usual manner by means of a crank oommnni- 
cates motion to the knife-bracket 13, which moves in a horizontal manner on the rods 14, 16. The 
bracket 13 has on it two pillars or studs 18, 19, on which the knives 16, 17, are so placed that they 
can be made to move up and down on the studs 18, 19, by means of bowls and molines shown at 
20, 21, 23, 24, in a similar manner to the arrangement made by S. Knowles and B. Hayward. 

On the first motion shaft is placed a bevel-wheel 25, gearing into another bevel-wheel 26, placed 
on a shaft 27, running along the end of the machine, and driven at the same speed as the crank- 
shaft. On the shaft 27 are placed two cams 28, 28«, of the shape shown in Fig. 5463. These came 
act on the bowls 29, 29", placed at one extremity of the levers SO, 80", carried on the shaft 87. The 
other extremity of the levers 80, 90\ is attached to sliding bars 81 passing through the oaid ndl 
brackets 1, 2, 8, 4, and supported by brackets 35 fixed on the rails 84. 

The sliding bars have on them adiustable hooks or bent fingers 82, 82*, shown at Fig. 5464 ; the 
bars are also in two parts in the width of the machine, as in Figs. 5463, 5464. and are connected in 
the centre of the spiral springy 38. 

The mode of working this combination is as follows ; — ^When a pieoe of cloth is to be folded and 
measured the fingers 32, 32^, are set so that they will hook or lay hold of the selvafi;es of the cloth. 
As the knife 16, bringing with it the cloth in the usual manner, approaches tiie card rail bracket I, 
the fingers 32, 32'*, are £awn out beyond the width of the cloth by means of the levers 30* and the 
cams 28". When the knife 16 has arrived at the end of its stroke in the direction of the card rail 
bracket 1, the cam is shaped so as sudiienly to release the lever SO", and the spring 33 draws the 
fln^rs 32, 32«, so as to lay hold of and retaiu the selvages of the doth carried by the knife 16. TJie 
knives 16, 17, are bent in a y form, Fig. 5462, so as to allow the finger to lay nold of the cloth in 
the hollow formed by the bend of the knives. As the knife 17, carrying' with it the cloth to be 
folded, approaches the card rail bracket 2, a similar movement of the fingers is effected by means 
of the cams 28 and levers 30. 

The rails 36 are for the purpose of retaining the folded cloth in its position when the fingers 
32, 82% are drawn out 

Wm Boase's measuring and folding machine. Figs. 5465 to 5468, is so arranged as to enable the 
complete and self-contained machine to be placed upon a shop counter for ordinary retail use. 

A, A, is the upper portion of the counter or platform upon which the machine is fitted ; B, B, 
is the framing, made by preference of cast iron, and containing the whole of the mechanism. This 
framing is formed by two side frames B, B, consisting of an iron web and suitable strengthening 
ribs, and fitted upon the counter ; and the side frames B. B, may be tied and held together by means 
of a number of stays or cross bars e, e. They also form the seats for the bearings of all the 
ailes or spmdles required for the maohine. The framings of the machine are usually 4 ft 6 Iil 
long, and placed 3 ft. 2 in. apart. G is the receptacle into which the goods or finbrics about to be 
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mrflsnred are pleoed, either loose or rolled on a roller, or blocked on a board, M the ease may be ; 
the outer part of the oasing forxxuDg a reTereible ahntter c^ D, D^ are the two tdHaa betvoOD 



64M. 




M6T. 
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which the fabric passes while the process of measuring is taking place. The upper roller D is 
removable and its axis adjustable by means of springs, so that this roller is continually kept in close 
contact with the lower roller D^ Upon the axis of each of the two rollers a toothed wheel is fixed, 
both wheels d, <f, forming together a gearing calculated to assist in the transmission of the motion 
from one roller to the other. 



6468. 




The extremity of the axis of the top roller D has fitted upon it an indicator hand or pointer e, 
denoting, on a dial h connected with the gearing, the number of yards, metres, ells, or other units 
of measure over which the stufT or fabric fias toavelled during the operation. The fabric having 
passed between the rollers D, D^ will be wound up on a roller or blocKed on a board connected with 
the axis l^ set in motion by band by means of a crank /, the arrangement of which, as shown in 
Fig. 5465, enables the operator to measure off as much as 40 yds. a minute. The pointer e, set in 
motion by means of a pinion and toothed wheel, is arranged in such a manner that it may indicate 
one unit of measure after every two revolutions of the rollers D, D^ 

The finger bar'E' is a wooden board of suitable dimensions fitted between the two side frames 
B, B, while the finger oar E forms portion of a boxing or casing, also made of wood, and so 
connected with the box or receptacle that the stuff or mbric may be guided over it on its way to 
the rollers D, D^ Inside this casing a right and left handed screw F is fitted between the side 
frames B, B, in appropriate bearings ; the bosses of the two guide-pieces O, G, form the nuts of 
this screw, and in turning the latt^ by means of a small hand-wheel H the guide-pieces or arms 
G, G, will be either brought closer together or set farther apart, so as to become suitea to the width 
of the stuff or fabric to be measured. 

A graduated scale or gauge denoting the width of the fabric in inches, nails, centimetres, or 
other subdivisions of the unit of measure, is affixed to the top of the finger bar £, and the holes for 
the g^ide pins or pegs g, g, are at such distances from ealbh other as wul correspond to these sub- 
divisions. The same graduated scale or gauge is reproduced on the cross bar I laid down in 
bearings s t, connected with the framings B, B, and furnished with adjustable g^ide-pieces y, /, 
sliding thereupon, and fixed upon it by means of thumb-screws 0, 15, at distances equal to those at 
which the pins or pegs ^, g^ are set apart, so as to correspond to the width of the stuff or fabric imd 
guide it in its course. The latter on leaving the rollers D, D*, is guided over the finger bar £^ 
fitted like E, and may continue its course over the cross bar I*, arranged in a manner identical 
to I, that is to say, furnished with sliding pieces y\y^, and thumb-«crews 0\ b*, and connected in 
any suitable manner with the roller on which the stuff or fabric is wound up or the board on which 
it IS blocked. 

Fig. 5469 is a side elevation, Fig. 5470 a plan, and Fig. 5471 an elevation of a machine for out-' 
ting and measuring cloth, for bags and for other purposes, invented by Ghas. Blyth. The pieces of 
cloth intended to be operated upon are laid upon the floor or partly on a kind of shelf or stool with 
two or more surfaces, so as to economize space. The ends of the pieces are then carried over rods 
a, a^, a\ in this case, say of } in. diameter, to give the necessary amount of tension, and from thence 
round rollers 6, 6*, 6^ to keep the edees in position. The pieces are then taken through or between 
round bars c, fitted in an upright oracket, and from thence through or between another set of 
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ban dj in one, two or several plvs together, as may be most convenient. The whole number 
of plys are then assembled together or combined and led on to the table and drawn along until 
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rather past the holding-down lever A,- which is afterwards shut down on the doth and held firmly 
in that position by means of the catch e. This holding-down lever A has a slot running along it of 
sufficient length to take the whole width of the doth, and into this slot the knife B, Fig. 5472, is 
inserted, and is pushed under the lever towards the hinged end to give a fulcrum ft is then 
brought down until the whole width of the doth is cut throughout the entire thickness of the 
numerous plys. The catoh e is then opened, and as it is firmly fixed on the spindle / that spindle 
has a partial rotary motion imparted to it ; to the end of the spindle / an arm g is fixra, which com- 
municates motion to the rod A, the other end of which is attached to the bell-crank t ; this in its turn 
transmits motion through the rod k to the pencil G ; the point of the pencil rests upon the doth, 
and being thus made to move in a line across the table marks the cloth at that spot , that mark is 
then drawn under the index finger or pointer D, the lever shut down, the catoh put into position to 
hold down the lever, which operation as just explained causes the pencil to mark the doth, the 
knife is inserted, and the doth is cut to the length or gauge requirea for the purpose for which it 
is intended. Bv repeating this operation anv number of lengths may be out in succession. The 
mark on the cloth by means of the pencil mav be ndjustod to any required length by the 
following means ; — ^A rod / is made of any requirea length, upon which the pencil holder may be 
traversed, means being provided to firmly fix it at any ptai of the length of the rod , this rod is 
carried by brackets at each end. A graduated scale L is let in the top of the table, by which any 
required length may be marked by adjusting the pencil over the required figure of that scale. The 
lever A is oounterbatanced by the weight m ; the finger or pointer D is hinged so as to yield to the 
doth when held and drawn forward by the hands, but fiEdJs back to its proper position before the 
pencil mark is brought up to it. 

MECHANICAL MOVEMENTS. 

Those means by which motion is transmitted for mechanical purposes are known as mechanical 
movements. 

Motion, in mechanics, may be simple or compound. Simple motions are, — those of straight 
translation, which, if of indefinito duration, must be reciprocatmg ; simple rotation, wiiich may be 
either continuous or reciprocating, and when redprocating is called osdllating ; helical, which, if 
of indefinito duration, must be redprocating. Compound motions consist of combinations of any of 
the simple motions. 

Perpetual motion is an incessant motion conceived to be attainable by a machine supplying its 
own motive forces independently of any action from witiiout, or which has within itself the means, 
when once set in motion, of continuing its motion perpetually, or until worn out, without any new 
application of external force ; also the machine itself by means of which it is attempted, or supposed 
possible, to produce such motion ; an invention much sought after, but physically impossible. 
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Fig. S474 it a ^mple pnll^ used for lifting wetghtB. In thia the pcnrer must be equal lo the 
leight to obtain eqnilibniuti. 
Fig. 5475. In this the lower pulley if movable. One end of the rope being fixed, the other 




„ , -,-. — either be m»de with 

Mp*r*te looae pnlleT*, or a seriea of groores oan be cut in a solid block, the diuneten beinK made 
io proportion to the speed of the rope ; that is, I, 3, and 5 for one block, and 2, i, And 6 lot the 
other. Power as 1 to 7. 

Figs. 5478, S4T9, are what are known u Soanish bartons. 

Fig. 5480 is a combination of two fixed pidJcfi and one morable pnlley . 

Figs. 54S1 to 5484 are dilhrent arrangementa of, pullejs. The following rale applte* to tlieee 
pnlle;s : — In a system of pnlleys where each polley is embraoed by a cord attaohed at one end to 
a fixed pi»nt, and at the other to the centre of the moTable pnlley, the effect of the whole will be 
the nomber 2, multiplied by itself as many times as there are morable pnlleye in the systein. 




Fig. 94B3. Msngle-wheel and pinion — so called from theii 



„ „ , r applicatioD to mangles — uuUTerU 

continnous rot»ry motion of pinion into reciprocating rotary motion of wbeeL The shaft of pinion 
has a vibratory motion, and works in a straight slot cut in the upright stationary bar to allow the 
pinion to rise and fall, and work inside and outside of the gearing of the wheel. The slot oat in 
Uie face of the mangle-wheel and following its outline is to roceivo and guide the pinion-shaft, 
and keep the pinion in gear. 

Fig. 54B6. Fusee-oLain and sprlng-boi, being the prime mover in some walohee, particularly in 
thoM of English make. The fnsee to the right ia to aimpensate for the loss of force of the spring 
aa it uncoils itself. The chain is on the spuul diumeter of the fusee when the watch is wound op, 
BA the spring has then the greatest force. 

Fig. 5487. A frictional clutch-box, thrown in and out of gear by levere at the bottom. This 
is used for connecting and disconiieoting heavy machiiiery. The eye of the diso to the right has a 
slot which slides upon a long key or feather fixed on the shaft 

Fig. 54S8. Clutch-box. The pinion at the top give* a continnoaa rotary motion to the gear 
below, to whieh is attached half the clutch, and botb turn loosely od the shaft When it is 
deeice4 to give motion to the shaft, the other part of the clutch, which slides upon a kry or 
uUher flj^ed in the shnfi, is thrast into gear by the lever. 





Fig. 5489. Another kind of elntob-box. The dise-wheel lo the right has two holes corre- 
sponding to the studs fixed in the other diso; and being pteeaed against it, the studs enter the 
holes, when the two discs rotate together. 

Fig. 5190. Used for throwing iu and out of gear the speed motion on Ulhei. On depreming 
the lever, the shaft of tlie large wheel is drawn backward by reason of the slot in which it slides 
being cut eccentrically to the centre or fulcrum of the lever. 

Fig. 5491 is a tilt-hammer motion, the revolution of the cam or wiper-wheel B lifting the 
hammer A fbar times in each revolation. 
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a given (o the rod A, by the coa- 
»ipen, which act upon the projection B of 
to weight Used for ore^tampera or pul- 




Fig. M&3. A method of workio); » reciproonting pump by rotary motion. 
,a» pnmp-rod li attached to the wlieel A, whiah nini loosely ddod the ■hatt. Tt 
CBB 0, and haa a continaoua rotur motion. At sTery reToiution (he cam ee 



A rape carrying 
The Bhaft'nrnea ■ 

_. . . . t OTBry reToIution (he cam «e<Ks the hooked 

cateh B, attached to the wheel, and drega il round, together with the wheel, and raltes the rope 
nntil, on the extremity of the ntloh etnking the abUionary stop above, the catch it relcoaed, and 
tha wheel ta retomad by the weight of the pump-bucket. 

VW. M94. A coDtrivance for a self- re versing motion. The bevel-gear between the gears 

B taaC la the driver. The geurs B and C run loose upon the shaft, consequently moti'in is only 

' - ■ ' r otlier of them is engaged with the clutch-boi D, which slides 

I tbe aliaR, and U ' ' -.. ^ ^, , . ^ 

Mia I hti from the shaft on „ , _. .,..., .. _ _ . _ 

bell-'eiaak G, and produce such a movement thereof aa will cause tbe connecting rod to carry the 
weiriited lever F beyond a perpend ionlar poeilion, when the said lever will rait over suddenly to 
the left, aM carry the clutob mto gear with B, thereby reversing tbe motion of the abaft until the 
■tod in the wheel E, coming round in the contrary iTirection, brings the weighted lever back psil 
the peipendionlar poaition, and again oauaes it to reverse the motion. 

Fig. MUS. Continuona rolory oonverted into intermitlent rotary motion. The diso-wheel B, 
oanyiu^ the atopa 0, D, tnma on a centre eccentric to the cam A. On continuous rotary motion 
being given to the cam A, intermittunt rotary motion is ini|«rted to the wheel B, tbe stops (Vee 
themaelw* from the oflaet of the cam a' ' '* *" 




Fig. 9496. An eooentrio generally used on the crank-ahaTl for oommunioating the reciptocatlDfc 
leotJlinear motion to the valves of steam-engine*, and sometimM used for pumping. 

Fig. M97. A modif cation of tlie above ; an elongated yoke being substituted for the eireulai 
•trap to obviate the necessity for any ribrstin^ motion of the rod, which works in Bled guides. 

Fig. 5498. Triangnlai eccentric, giving an intermittent rec procating rectilinear motion, used 
in Fiance for the valve- motion of atoam-enginea. 

Fig. 54EI9. Ordinary erank-motinn. 



^-fb^ 
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PiF. 5500. Crank-motion, with tbe cmnk-wrist working in a slotted yoke, thereby diapennng 
with the oscillating connecting-rod or pitroan. 

Fig. 5501. Variable orauk, two circular platea revolving on the aame centre. In one a spiral 
gwove is cut ; in the otlier a series of slots radiating from the centre. On turning one of tbeaa 
plates aroand its centre, the bolt shown near the bottom of the figure, and whioh passes throngb 
the spiral groove and radial slots, is caused to move toward or from the centre of tbe plate*. 

Fig. 5502. On rotating tbe upright siaft, reciprocating reotilinsM motion it unpaned »y 
tbe oblique disc to the upright rod resting upon its surfaoe. 
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Fig. 9503. A hcar(.oun. TTnifonn tnTBtEfag motioii ia Imparted to tha horizontal bar by th« 
rotation of the heart-Bhaped cam. Tha dotted liiiea thow the mods of BtrikiDg ont ths outtb of tha 
cam. The length of tnvene U di*idod Into aDy crainber of paits ; and fnxn the oentie a aeriM of 
Donoontrio drdea are duoribed through theae point*. The ontiide oirole ii then divided into 
double the number of these diviiionit and liuea dtawn lo tjie oentre. The curre it then diawn 
through the interBBOtioiu of the oonoentrie oinlea and the radiating linea. 





which ia fixed a crank-pin, iroiUng in an endlen groove, cnt in the vibrating ai 

Fig. S506. Spiral guide attaobed to the &ce of a diac ; uaed ta the feed-motion of a driUiog 

machine. 

Fig. 5507. Qniok return cnink-motioD, applicable to ihainng maohinea. 




Fig. 5508, Beotilinear motion of horizontal bar, by meana of Tlbrating slottea Im hung from 

Fig. 5509. Oommon aorew bolt and nut ; reotiUuear iDotion obtained ttota dreolar rnotkni. 
Fig. 5510. Rectilinear motloD of ilide [^oduoed by the rotation of screw. 
Fig, 5511. Ill thi^ rotary motioD is imparted to the- wheel by the rotation of the acrew, of 
icotilineu motion of the elide by the rotation of the wheel. Uaed in acrew-cutttng ud ilide-latbea. 
Fig. 5512. Screw stamping-preei reotilinear motioD from cirenlar motion. 




Figi. 3S13, S51«. 
grooved eauu. 

Fig. 5515. Uniform reciprocating rectilinear 



Uniform reoiprocaling leotilloear motion, produced bj rotary motirai of 



n from miiform rotwy motion of a oyllnder, 



in which are cat reverae tlireadj or groove*, wMcb neccnarily interaect twice in every revolntion. 
A pnint inserted io the groove will baveree the cylinder from end to end. 

Fig, 5516. The rotaticn of the acrew at the leit-haod dde prodncee a uniform reotilinear move- 
meat of a cutter, which cuta another acrew-thread. The mtoh of the acrew to be cut may he 
varied by changing the aizea of tlie wheel! at the end of the frame. 

Fig, 5517. Uniform ciroular into noifonn rectilinair mnlion: uaed In spooling frames for 
leading or gniding the thread on to the apoala ' The roller is divided into two vaita, each having a 
fine aoniw-thread cut upon it, one a right and Ihe other a left huid acrew. The tpindle, parallel 
with the rollur, baa arms whioh oarry two half-nuta, fitted to the forews, one over and the other 
nnder tha roller. When one halF-uut ia in, the other ia ont of gen. By piesdng the lever to the 
light or left, the rod is made to traverse ia either direction. 

Fig. S5IS. Hiorraneter lorew. Great power can bn obtained by thli device. The threada are 
made of diflerent pitch, and mn in different directions; conaeqnently a die or nut, fitted to Uie 
inner and smaller aorew, would traverae only the length of tha difference between the pitohea for 
every revolution of the outside hollow aorow m a nut. 

Fig. 6619. Peraian drill. The etock of tha drill has a very quick thread cnt upon it, and 
rcTolvea freely, mpported b; the bead »t the top, which recta against the body. The button or nnt. 
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Pig. 5S20. Oiioalu inlo reolilinMr motion, or the witna, by a 



Ban! of ntck aod pinluD. 
. ^ . . itiliQear motion of the donbls 

nwk, and riraaaqinl fbroe kod veladt; to euh side, bout wheeli being of eqiuU dxe. 



Fig. 5521. Botant motion of the toothed wheels pradnc 
Mk, and riwaqinl fbroe and veladt; to euh side, bout wha 
Fig. 5522. A mbBtitnte Tot the oiuk. Beoiprooating reotilin< 



tbe double nak prodaow a nnifona rotarr tnotfon of the pin ion-a haft. A separate pintoi 
tor each rack, tbe two racki being In different planes. Both pinions are Inoae on the sbafL A 
ratohet-wbeel is fiurt on tbe shaft ontside of each pinion, and a pawl attached U> the pinion to 
engage in it, one ratchet-wheel having ill teeth set in one direction, and the other having its teeth 
set in the oppoeite direction. When the racks move one way, one pinion tame the shaft by meani 
of its pawl and ratchet; and when the racks moie the opposite way, the other pinion aoti in the 
aame way, one pinion always taming looeely on tbe shaft. 

Fig. 9323. A cam acting between two Motion-rollen in a yoke, Haa been used to give tbo 
Bwrement to tbe tbItc of a steam-engine. 

Fig, 5624. Anudeof donbling thelengtbofatiokeof s[d«ton-rod,or the throw of a crank. A 




(Mj 



•r pitman b in gear with a flxed rack, 
the oppoaite side of the pinion, is free 
le backward an'd forward. Now, as the connecting rod communicatti to the pinion the full 
length of itioke, it wonid oauee the top rack lo traTene the same distance, if the bottom rack wae 
alike movahle; bnt a* Iha Utter ia flzed, Uie pinion is made to rotate, and oonseqnenlly tlie top 
rack tiavela donble the diatanoe. 

Fig. 5925. Beciprocating rectilinear motion of the bar carrying tbe oblong endless ndk. 



Fig. 5526. Each jaw ia _ __„ . 

tbe other teeth inaide.- On tnniing tho shaft carrying tbe two pinions, one of *r)iJoh geara with one 
and the other with tbe other eegmeat, the jaws are Inonght together with great force. 




^. 5527. Alternating leotillnear motion of the rod attached lo the dlw-wheel prodnoei an 
btermittent rotary motion of the cog-wheel by means of tbe click attached to the diao-wheeL This 
motion, which ia reversible by throwing over the click, is naed for the feed of planing machiocs 
and other tnoU. 

Fig. 5528. The rotation of the two apnr«eari, with cnnk-wrlsb attaolied, produces a variable 
alternating traverae of the boriiontal bar- 
Fig, S529. Intended as a aubatitute for the crank. Beoipiooating rectilinear motion of tbe 
donble raek givea a continuona rotary motion to the centre gear. The teeth on the raok act npon 
tboae of the two aemiclrenlar toothed eectors, and the spnr-geata attached to the sectors operate 
upon the centre gear. The two atotia on tbe rack, shown by dotted linea, ate caught by the curved 
peoe on the oenbe gear, and lead the toothed sector* allemately inlo gear with tne double rack. 
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Fig. 5530. Fiddle drllL Beoiprooating rectiliuear motlo^i of the bow. the Btring of which 
pames aroimd the pulley on tbe Bpiadle oaxr^mg the drill, produaiag allernating rotttr; motioa of 
the drilL 

Fig. 5531. A modifloatioa of the motioa shoon in Fig, 5528, bnt of a more complex ohaxacter. 
Fig. 5532. A bell-orank tever, used for changing the direction of anj force. 




Fig. 5538. Motion mad in Mr-pump*. On vibrating the lever fixed on the Mme abaft with 
the ipur-gear, reolprocatiug rectilinear motion ia imparted to the racka on each lid^^ whiuh ars 
attached to the piatona of two pnmpa, one rack always osoending while the other it deMending. 

Fig. 5531. A continuoua rolary motion of the shaft carrying the three wipen produces a 
reeiprooating rectilinear motion of tbe rectangular frame. Tlie abaft muat revolve in the direction 
of the arrow for the porta (o be in tbe ^xwition represented. 

Fig. 5S35. Chinese windlaaa. Thia embraces tbe aame priiiciplea aa tbe mieroaeter screw. 
Fix- 5516, The movement of tbe pulley in every revolution of the windlaaa is eqnal to lialf the 
diSerenoe betweon tbe larger and smaller circmnFerencea of the windlaaa barrel. 

Fig. 3536. Bhe^ra for cutting metal platea. The jaws are opened by the weight of tbe loaf 
um of the upper one, and dosed by the rotation of tbe cam. 




Fig. 553S. This is a motion which has been nsed in preBses, to produce the iieceaeary praaanre 
upon tlie platan. Horizontal motion ia given to tbe arm of the lever which turns the upper disc. 
Between the top and bottom discs are two bars which enter holed in the discs. These bars are io 
obliqne positions, aa shown in tbe drawing, when the press is not iu operation : but when the top 
disc u Eoade to rotate, the bars move toward perpendioular positions and force tlie lower disc down. 
The top disc moat be firmly secured in a stationary poaitioD, except u to ita revolution. 




t'ig, 5539. A simple pnn'mutlon ia given IbtoiiRh tlie hnnd-crank on Ihe pinion-ihaft, tlie 
pinion comiuunicoting motion to the toothed aector, which (i«ta upon Ihe platen, by means of tb« 
rod which connects it therewith. 

Fig, 5510, Uniform circular motion into rectilinear, by meant of a rope or bend, which ■■ 
wound several times around ths drum. 

Fip. 5M1. Modification of the triBnjrnlar eeoentrio. Fig. 5198, used on the steam-engine in the 
Paris Mint. The <urcnlar disc behind cairies the triangular tappet, which communicates an altemalo 
rectilinear motion to tbe valve-rod. The valve is at rest at thi' completion of wji stroke for an 
luslant, and is poshed quickly across the steam-ports to the end of the neiL 

Fig. 5512^ A cam-wheel, of whifh a side view is ahown. has its rim formed into teeth, or made 
of any problu form desired. The rod to the right u made to press constantly against the teeth or 
edge ol IDe nm. On turning the wheel, alternate rectilinear motion la commnntcated tn the md. 
Tlw cliaraoler of this motion may be varied by altering the shape of the teeth, or pn^ ot Um 
edge, of ibe rim of the wheel. 
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ITig. 5943. Eipsnilon eoeenblo, uaed in Fianoe to work the allda-TalTe of & itMrn-mgiiia. 
The eocenirio is flxed on the onnk-shftlt, and communioate* motioii to the forked TibimtkDg ua, 
to the bottotit of which the v»lve-rod it attiLclied. 

Fig. 5544. On tnming the cun ftt the bottom a Tuiftble altenutiiig tectiliiuar motioo is 
imputed to the tod reiting on it 




Fig. 5515. The intanial rack, curled by the rectsngQlar fivae, i* free to tlida up and down 
wiLbin it Tor a oertaia diitaore, »a that the piuon can gear with either aide of the rtok. Cnt 
tinuoua droulor motion of the pinion is made to produoe leoiprooating TeotUioear motion of leotan- 
gular frame. 

Fig. 5546. The tnf;gle-joint arranged for a punching macliioe. Lever at tl.e right ia made to 
operate upon the joint of the toggle by means of the horiiontal connecting link. 

Fig. 5517. E^dlew-baoH taw. Continuous rotary motion of tUe puUeya ia mnde to prondere 
conttnuoiia rectilincHr motion of the atnlghl porta of the saw. 

Fig. 55(8. Hovemont uaed for varyine the length of the traversing gnide-bar, whlah In lilk 
machinery gnidea tbe silk on to spoola or bobblna The apur-gear, turuiug freely on ila centre, ia 
carried round by tbe larger oiicnlar disc, which tuma on a fixed central stud, vhlch haa a pinion 
fast on its end. TJnan tlio apur-gear ia boiled a amall crank, to which i« jointed u connecting rod 
attached to truveracng guiilo-bar. On turning tlie disc, the spur-gear is niHie to totate partly npon 
its centra hj means of the flied pinion, and consequently brings crank nearet to centre of diao. 
It the rotation of disc waa continued, the gpor-gcar would make an entire revolotlon. During 
half iL reToIution the traverse wunld lure been sbottened a certain amount at every revolation c? 
disc, Bocording to the aize of spur-gear ; anil during the other half It wonid have gtaduallT 
lengthened in the fame ntio. • 




Fig. 5S49. A ayitem of oroaeed levers, termed lazy tonga. A aliort alternating rectilinear 
motioii of rod at tLe right will give a similur but mnch gre»tet motion to rod at the left It ia 
frequently used in ohildren'a toya. It has been applied in France to a maoltine for raising nukcn 
vesaels ; alao applied to ehipa* pumps three-qnarten of a century ago. 

Fig. 5650. Hcciprooating onrvilinear motion of the beam gives a continnona rotary motion to 
the ctank and fly-wbeel. The small standard at tlie tight, to wliich ]a attached one end of the lever 
with which tbe Deam is eonneoted by tbe connecting rod, haa a horizontal reciprocating rectilinear 
DMvemenL 

Fig. 9351. Continnona rotary motion of the disc prodncea reciprocating rectilinear moticn 
of the yoke-bar, by neons of the wrist or oninh-pin on tbe disc working in the gn«ve af the yok& 
The groove loay be bo shaped as to obtain a uniform reciprocating ractibncai motion. 

Fig. 5552. Steam-engine governor. Tbe operation ia as follows;— On engine itartbig, (ha 

S indie revolves and carries round the eross-head, to which fena are attached, and on which ara 
m fitted two friction-roUerB, which tieai on two circular inclined plonea attached aecuroly to tbe 
oentn shaA. tlie croas-bead being loiiae od the sban. The cnwa-heod is made heavy or has a hidl 
01 other weight attached, and ia driven by tlie oircnlar inclined planea. As the speed of tlie 
centre shaft increases, tlie raustanoe of the air to tbe ninga tenda to retard the rotation of the 
oroas-hcad ; the friction-rollers, therefore, run np the inclined planea and raise the eroM bead, to 
tlie upper part of which is connected a lever operating upon the regulating vnlve of the engine. 

Fig. 5553. Continuoua circular motion of the spur-g«ars produces ollemate oirouW motion of 
4he crank attached to the larger gear. 

Fig. 5554. Unirorra ciroulor converted, bj the cams acting npon the levers, into alternating 
teetillnear motioDS of the altoched rods. 

Fig. 5555. A valve-motion for working steam eipansively. The series of coma of varying 
throw are movable leogthwiae of tiie shaft, so ttiat either may be mode to act upon tlie lever to 
which the valve-rod is eonneoted. A greater or leaa movement of tlie talre is produced according 
as a cam of greater or leas throw it opposite tbe lever. 

Fig. 559tt. An ellipaograph. The Inverse bar, shown in an obliqne position, carries two 
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stndB whioh elide In the giaovee of the cross-pieee. By tuniiDg the traTene bar »q attached 
pencil IB made to deeoribe an ellipae b; the rectHinear moTBHieDt m the stads in the grooTee. 

Fig. S557. Clnmlu inotion into elternatinK lectili&ear motioa. The stads on tlie routing 
disc strike ttie pngeatkm on the under lide of ue hoiiiontal bar, moring it in one direolion. The 
retnm motion u gJTen by nwwu of the bell-onuik or eltmw-leTer, one arm of which is operated 
upon by tlie next itud, and the other Btaikes the itod on the front of tlte horizoatal bar. 




Fig. 55SB. Cinmlar motion into alteniBtinK rectQineor motion, by the aotlon of the itndH on 
the rotary disc upon one end of tlie bell-crank, theoUiei and of which W attached toil aweighted 
oaTdpMwng over a pnUey. 

Elg. S939. Beeiprocating rectilinear motion into iuteimitteat ofronUr motion, by meani of the 
pawl attached to the elbow-leTer, and operating in the toothed wheel. Hotion Ib given to the 
wheel in either direction according to the aide on which the p«wl works. This is (ued in giving 
the feed-motion to planing machines, and other (ooJa. 

Fig. S560. Cirenlai motion into variable alternating rectilinear motion, by the wrUt or crank- 
pin on the rotating diao working in the slot of tlie bell-crank or elbow-lever. 

Fig. 5561. A modiBcation of the movement last described, a oonnecting rod being snbstitnted 
for the slot in the beU'crank. 

Fig. 5562. Bedprooating onrrilineaT motion of the treadle givee a oircnlar motion to the disc. 
A ciauk may be salwtitoted for the disc. 




Fig. 5563. A modification of Fig. 5562, a cord and pnlley being subetitated for the oonnecting 



rod. 



Fig. 5564. Alternating curvilinear motion into alternating cironlar. When the treadle has 
been deprosaed, the spring at the top elevates it for the next stroke ; the connecting bond passes 
once round the pulley, to which it gives motion. 

Fig. S565. Centrifugal governor for steam-engines. The central spindle and attached arms 
and balls are driven from the engine by the bevel-gears at the top, and the holla fly ont from the 
centre by centrifogiJ force. If Ae spaed of the engine inQKAses, the balls fly ont farther from the 
centre, and so raise the elide at the bottom, and thereby reduce tlie opening of the regnlating valve 
which is connected with the slide. A diminntiou of speed produces an opposite eflecL 

Fig. 5566. Water-wheel governor acting on the same principle as Fig. 5565, hot by different 
means. The governor ie driven by the lop boriiontol shaft and bevel gears, and the lower ee«rs 
control the rise and &11 of the shuttle or gate over or through which the water flows to the wheel. 
The action ii as follows ; — The two bevel-gears on the lower part of the centre spindle, which 
a fnmiahed with stnds, are fitted loosely to the spindle, and remain at rest so long a~ "" 



« rotiite with 



draw up the pin which is attached ti 

this pin, commff in coutact with the stud on the upper bevel-gear, canses that gear tr 

the BPindle, and to give motion to the tower horizontal shaft in such a direction as to maie n raisa 

the ennttle or eate, and so reduce the quantity of water passing to the wheeL On the contrary, 

if the speed t^ the governor decreaeea below that required, the pin lalls and gives motion to the 
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lower bevel-gear, which driTee the horizontal ahaft in the opposite direction, and prodnoeB a 
contrary effect. 

Fig. 55G7. Another arrangement for a water-wheel governor. In this the goyemor controls 
the shuttle or gate by means of the cranked lever, which acts on the strap or belt in the following 
manner ; — The belt nms on one of three pulleys, the middle one of which is loose on the governor 
spindle, and the upper and lower ones faiBt when the governor is running at the proper speed 
the belt is ou the loose pulley, as shown ; but when the speed increases, the belt is thrown on the 
lower pulley, and thereby caused to act upon suitable gearing for raising the gate or shuttle and 
decreasing the supply of water. A reduction of the speed of the governor brings the belt on the 
upper pulley, whion acts upon gearing for producing an opposite enect on the shuttle or gate. 
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Fig. 5568. A knee-lever, differing slightly from the toggle-joint shown in Fig. 5546. It is 
often used for presses and stamps, as a great force can be obtained by it The action Ib by raising 
or lowering the horizontal lever. 

Fig. 5569. Circular into rectilinear motion. The waved wheel, or cam, on the upright shaft 
communicates a rectilinear motion to the upri^lit bar through the oscillating rod. 

Fig. 5570. The rotation of the disc carrying the crank-pin gives a to-and-fro motion to the 
connecting rod. and the slot allows the rod to romain at rest at the termination of each stroke. It 
has been used in a brick press, in which the connecting rod draws a mould backward and forward, 
and permits it to rest at the termination of each stroke, that the clay may be deposited in it and 
the brick extracted. 

Fiff. 5571. A drum, or cylinder, having an endless spiral groove extending all aroun4 it, one- 
half of the groove having its pitch In one, and the other half its pitch in the opposite direction. A 
stud on a reciprocating lectilinearly-moving rod works in the groove, and so converts reciprocating 
into rotary motion. TMb has been used as a substitute for tiie crank in a steam-engine, and as a 
means of transmitting motion in Foster's pressure gauge. 

Fig. 5572. The slotted crank at the left hand of uie figure is on the main shaft of an engine, 
and tiie pitman which connects it witli the reciprocating moving power is furnished with a pin 
which works in the slot of the crank. Intermediate between the nrst crank and the moving power 
is a shaft carrying a second crank, of an invariable radius, connected with the same pitman, while 
the first crank moves in a oiroular orbit, the pin at the end of the pitman is compelled to move in 
an elliptical orbit, thus increasing the leverage of the main crank at those pointa which an most 
favourable for the transmission of power. 
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Fig. 5573. A modification of Fig. 5572, in which a link is used to connect the pitman with the 
main crank, thereby dispensing with the slot in the crank. 

Fig. 5574. Another form of steam-engine governor. Instead of the arms being connected with 
a slide working on a spindle, they cross each other, and are elongated upward oeyond the top, 
and connected with the valve-rod by two short links. 

Fig. 5575. Valve-motion and reversing gear, used in oscillating marine engines. The two 
eccentric-rods give an oscillating motion to the slotted link, whidi works the curved slide over the 
trunnion. Within the slot in the curved slide is a pin attached to the arm of a rock-cAiaft, which 
gives motion to the valve. The curve of the slot in the slide is an are of a cirole, described firom the 
centre of the trunnion, and as it moves with the cylinder it does not interfere with the stroke of 
the valve. The two eccentrics and links are like those of the link-motion used in looomotivea 

Fig. 5576. A mode of obtaining an egg-shaped elliptical movement. 

Fig. 5577. A movement used in silk machinery for the same purpose as that described in 
Fig. 5548. On the back of a disc or bevel-gear is secured a screw, with a tappet-wheel at one 
extremity. On each revolution of the disc the tappet- wheel comes in contact with a pin or tap))et^ 
and thus receives an intennittent rotary movement A wrist, secured to a nut on the screw, enters 
and works in a slotted bar at the end of the rod, whidi guides the silk on the bobbins. Each 
revolution of the disc varies the length of stroke of the guide-rod, as the tapfjet-wheel on the end 
of the screw turns the screw with it, and the position of ttie nat on the screw is thenfore changed. 
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Fig. S579. A nw&na or givEng one complete reTolntion to the OKnkof ui en^neto escli gtroke 
erf' tbe piston. 

Figs. 55)40, 55S1. CoDtrimice for uoooupling engines. The vrjat, vbfch is fii«l on one >rm 
of the or&ok, not shown, will oommunicate motion to the snn of the omnk which is repiebented, 
when the ring on the latter has its slot in tlie posilion shown in Fig. 55S0. But when thu ring ii 
turned to bring the slot in the yocrition shown in Fig, 5581, the writt puaBs through tlie alot, 
without toming the crank to wliich tlie ring is attached. 

Fip. 5582. ContriTaneo for Tailing the speed of the slide carrying the cutting tool in slotting 
and shaping mRchinrs. The driving ihaft works through an opening in a tiei dine, in wliich 
is a circular slot. At the end of the shaft is a slotted crank. A slide fits in Ihe slot of the crank 
and in the circalai slot ; nnd to the outward eittemity of this slide is attached the mnnecting 
rod wliich works the slide carrying tlie cutting tool. Whoa the driving shaft rotates, tbe tsmak 
ia onrried roaud, and fbe slide CBrrying the end of the connecting n>l is gnided br the citoulsr slot, 
which i« placed eooentrically to the shatl ; therefore, as tbe slide apprcaches the bottom, tbe length 





Fig. 5583. BererdDg gear for a single engine. Cn raising the eccentric-rod the valve-spindle 
is i^SMed. Tbe engine can then be reveraed by working the upright lever, after which tbe 
eecentrlo-rod is let down again. Tbe eocentric in tliis case is loow upon tbe shaft, and driven by a 

projection on the shaft acting upon a nearly seniiciicular prelection on the side of the ecceDtric^ 
which permila the eccentric to turn balf-way round on the diaft on reversing tbe valves. 

Fig, 5581. This only diCTers from Fig. 5576 In being composed of a single pivoted clamp 
operating in connection with a fixed side-piece. 

Figs. 5585, 5S86. Diagonal catch ami hand.gear used in large blowing and pnmping oniiinee. 
In Fig, 5585 the lower steam-valve and upper eduction-valve are open, while the upper stcent- 
valve and tower eduction- valve are shut; consequently tbe piston will be ascending. In the 
ascent of the piston-rod tbe lower handle will be etnick by the projecting tappet, and being 
raised will become engaged by the catch, and shut the upper eduction and lower steam valves ; at 
the same time the upper handle being disengaged from the catch, the beck wtight will poll the 
handle np and open the upper steam and lower eduction valves, when tbe piston will consequently 
descend. Fig. 5586 represents tbe position of the catches and handles when the piston is at-tbe 
top of the cylinder. In going down, the tappet of the piaton-md strikes tlie upper handle, and 
throws the catches and handles to the position shown in Fig, 5S85. 

Figs, 6587, 5588, represent a modification of Figs. fiiSs, 5588, tbe diagonal catchet befog 
superseded by two quadrants. 




Fig. 5589, Link-motion valve-gear of a locomotive. Two ecoeatrjcs ais nied for one valva, 
one (or tbe forward and (he other for the baokwaid movement of the engine. Tbe extremities iif 
the eccentHc-rods are jointed to a curved slotted bar, or, as it is termed, « link, which can be raised 
or lowemi by an arrangement of levera terminating In a handle as shown. In tbe slot of the link 
is a slide and pin connected with an anangement of lever* terminatiRg at the valte-atem, Tb* 
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link, in moTiDE with the aotioa of the ecoi^Dtrics, earrim with it the slide, and Ihenoe moHoD U 
communicated to the vklve. Suppoae the link roiaed, to that tlie slide ii in the middle, tlien the 
link will oscillate on the pin of tlie elide, and cousequfntly the valve will be Ht mt. It 
tlie link is moved no tliet tne slide is at ooo of its extremities, tie whole throw of the ecoeutrio 
coDoeoted wltli that extremity will be given to it, and the valvo and steam-porM will be opened to 
the full, and it will onl; be toward the end nf the stroke that the; will be totally ilint ; conn- 
quentlj Uie steatn will liaio been admitted to the cylinder during almoat the entire len;^h of eacli 
stroke. . But if the slide id between the middle and the extremity of the slot, as shown in tba 
figure, it reoeivea only a part of the throw of the eooentric, and the eteam-ports will only be 

Cttially opened, and ore quickly closed agaiu, so that the odmiaaioii of steam ceases some time 
fore the termination of tiio stroke, and the steam ia worked eipansively. The nearer the slide 
is to the middle of the slot tlie greater will be the expaosion, and ii.« ttrti. 

Fig. 5590. Apparatus for disengaging the eooentiio-rod from the TalTe-Eear. By pulling np 
the spring handle below nnlil it catches in the uotoh a, the pin li discngajj'sa from the gab in the 
eoceutric-rod. 




Figa. 5591, 5592. Hoiliflcations of Fig. 5 

Fig. S593. Another mollification of Fig. .^590. 

Fig, 5591. A sorew-otump. On tumin;^ the handle the ■ 

oldM, which, op " 

it on the other all 



thnists npwnrd agniust the 




Fig. 5390. A Tariety of what i* known as the mangle-wheel. One variety of tlilt waa 
illoitrated by Fig. SltiU. In this one the speed varies in every part of a tevolutinn, tlie groove 
t, d. in whioh the piDiou-shaft is guid. d, at well as the leriea of teeth, being eccentric to the axis 
of the wheeL 

Fig. 5596. Anotlier kind of laongle-wheel, with its pinion. With this as well as with that in 
the preceding Sgnre, although the pinion continnea to revolve In one direction, the mangle-wheel 
will make almost an entire revolntion in one direction and the tame in an opposite direction ; bnt 
the revoinlion of the wheel In one dircL'tion will be slower than tliat in the other, owing to the 
greater radius of the outer circle of teeth. 

Fig. 5597. Another nungle-wheel. In this the speed is eqnal in both direction! of motion, 
only one circle of teeth being provided on the wheeL With til of these ma^le-wheels the pinion- 
shall is guided, and the pinion kept in gear, bv a groove in the wheel. Tlie said shaft is made 
with a atilvereal joint, whioh allows a portion of it to have Ihe vibratory motion necessary to keep 
the pillion iu gear. 
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» direction. The two wheels are preolselj similar, and both gear into* the 
endless screw which is arranged between them. The teeth of one wheel only are visible, these of 
the other being on the back ot side whioh is cooeealed frran view. 

Fig. BS09. The pinion B rotates abont a fixed axi^ and give* an imgnlH vibratory motion 
to the arm canying the wheel A. 

Fig. 5600. A modiAeation of what ia called a mangleraek. Fig. 82II. In this the pinion 
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revolves, but does not rise and fall as in the former figure. The portion of the frame carrying tha 
rack is jointed to the main portion of the frame by rods, so that wnen the pinion arrives at the end 
it lifts the rack by its own movement, and follows on the other side. 

Fig. 5601. Another form of mangle-rack. The lantern-pinion revolves oontinnonsly in one 
direction, and gives reciprocating motion to the sqnare frame, which is guided by rollers or grooves. 
The pinion has only teeth in less than half of its circumference, so .that while it engages one side 
of the rack, the toothless half is directed against the other. The large tooth at the commencement 
of each rack is made to ensure the teeth of the pinion being properly in gear. 

Fig. 5602. A regular vibrating movement of the curved slotted arm gives a variable vibration 
to the straight arm. 

Fig. 5603. An illustration of the transmiasion of rotary motion from one shaft to another, 
arranged obliquely to it, by means of rolling contact. 
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Fig. 5604 r^resents a wheel driven by a pinion of two teeth. The pinion consists in reality 
of two cams, which gear with two distinct series of teeth on opposite sides of the wheel, the teeth 
of one series alternating in position with those of the other. 

Fig. 5605. A continuous circular moTement of the ratchet-wheel, produced by the vibration of 
the lever carrying two pawls, one of which engages the ratchet-teeth in rising and the other in 
fiilling. 

Fig. 5606. A modification of Fig. 5598, by means of two worms and worm-wheels. 

Fig. 5607. A pin-wheel and slotted pinion, by which three changes of speed can be obtained. 
There are three circles of pins of e^ual oistance on the face of the pin-wheel, and by shifting the 
slotted pinion along its shaft, to bring it in contact with one or the other of the circles ot pins, a 
continuous rotary motion of the wlieel is made, to produce three changes of speed of tiie pinion* 
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Fig. 5608 represents a mode of obtaining motion from rolling contact The teeth are for 
making the motion contmuous, or it would cease at the point of contact shown in th& figure. The 
forked catch is to guide the teeth into proper contact. 

Fig. 5609. B^ turning the shaft carrying the curved slotted arm, a rectilinear motion of 
variable velocity is given to the variable bar. 

Fig. 5610. A continuous rotary motion of the laige wheel gives an intermittent rotary motion 
to the pinion-shaft The part of the pinion shown next the wheel is cut of the same curve as %he 
plain portion of the circumference of the wheel, and therefore serves as a lock while the wheel 
makes a nart of a revolution, and until the pin upon tiie wheel strikes the guide-piece upon the 
pinion, when thepiniouHBhaft commences another revolution. 

Fig. 5611. What is called the Geneva-stop, used in Swiss watches to limit the number of 
revolutions in winding-up ; the convex curved part e^ 6, of the wheel B, serving as the stop. * 

Fig. 5612. Another Idnd of stop for the same purpose. 
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Fiffs. 5618, 5614. Other modifications of the stop, the operations of which will be easily under- 
stood by comparison with Fig. 5611. 

Fi^. 5615. The external and internal mutUated cog-wheels work alternately into the pinion, 
and give slow forward and quick reverse motion. 
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Figs. 5616, 5617. These are parts of the same movement, which has been used for giving the 
roller motion in wool-combing machines. The roller to which wheel F, Fig. 5617, is secured, is 
required to make one-third of a revolution backward, then two-thirds of a revolution forward, wlien it 
must stop until another length of combed fibre is ready for delivery. This is accomplished by the 
grooved neart-cum C, D, B, e. Fig. 5616, the stud A working in the said groove ; from C to D it 
moves the roller bai'kward, and from D to 6 it moves it forward, the motion being transmitted 
through the catch 6, to the notch-wheel F, on the roller-shaft H. When the stud A arrives at the 
point 9 in the cam, a projection at the back of the wheel which carries the cam strikes tlie project- 
mg piece on the catch G, and raises it out of the notch in the wheel F, so that while the stud is 
travelling in the cam from to G, the catch is passing over the plain surface between the two 
notches in the wheel F, without imparting any motion ; but when stud A arrives at the part G, 
the catch has dropped in another notch and is again ready to move wheel F and roller as re- 
quired. 

Fig. 5618. The two crank-shafts are parallel in direction, but not in line with each other. 
The revolution of either will communicate motion to the other with a varying velocity, for the 
wrist of one crank working in the slot of the other is continually changing its distance from the 
shaft of the latter. 
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Fig. 5619. An arrangement for obtaining variable circular motion. The. sectors are arranged 
on difierent planes, and the relative velocity changes according to the respective diameters of the 
sectors. 

Fig. 5620. This represents an expanding pulley. On turning pinion d to the right or left, a 
similar motion is imparted to wheel c, which, by means of curved slots cut therein, thrusts the 
studs fastened to arms of pulley outward or inward, thus augmenting or diminishing the size of 
the pulley. 

Fig. 5621. Intermittent circular motion of the ratchet-wheel from vibratory motion of the arm 
carrying a pawl. 

Fig. 5622 represents a chain and chain pulley. The links being in different planes, spaces are 
left between them for the teeth of the pulley to enter. * 
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Fig. 5623. Another kind of chain and pulley. 

Fig. 5624. Another variety. 

Fig. 5625. Transmitted circular motion. The connecting rods are so arranged that when one 
pair of connected links is over the dead-point, or at the extremity of its stroke, the other is at right 
angles ; continuous motion is thus ensured without a fiy-wheel. 

Fig. 5626. Drag-link motion. Circular motion is transmitted from one crank to the other. 

Fig. 5627. Intermittent circular motion is imparted to the toothed wheel bv vibrating the 
arm B. When the arm B is lifted, the pawl G is raised from between the teeth of the wheel, and 
travelling backward over the circiunference again drops between two teeth on lowering the arm, 
and draws with it the wheel. 

Fig. 5628 shows two different kinds of stops for a lantem-wheeL 
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Fig. 5629. The oscillating of the tappet-arm produces an intermittent rotary motion of the 
ratchet-wheel. The small spring at the bottom of the tappet-arm keeps the tappet in the position 
shown in the drawing, as the arm rises, yet allows it to pass the teeth on the return motion. 

7 Q 



2484 



IIECHANIOAL MOVEMENTS, 



Fig. 5630. A nearly continuoufl circular motion ia imparted to the zatolMt-wheel on Tibmtinff 
the lever a, to which the two pawla 6 and c are attached. 

Fig. 5031. A reciprocating circular motion of the top arm makes ite attached pawl prodnoe an 
intermittent circular motion of the crown-ratcliet, or lag-wheeL 

Fig. 5632. An arrangement of stops for a spur^gear. 

Fig. 5633 represents varieties of stops for a ratchet-wheel 
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Fig. 5634. Intermittent circular motion is imparted to the wheel A by the continuous circular 
motion of the smaller wheel with one tooth. 

Fig. 5635. A brake used in cranes and hoisting machines. By pulling down the end of the 
lever, the ends of the brake-strap ere drawn towaid each other, and the strap tightened on the 
brake-wheel. 

Fig. 5636. A dynamometer, or instrument used for ascertaining the amount of useful effect 
given out by any motive power. It is used as follows ; — A is a smoothly-turned pullev, secured on 
a shaft as near as possible to the motive power. Two blocks of wood are fitted to this pulley, or 
one block of wood and a sories of straps fastened to a band or chain, as in the drawing, mst^id of 
a common block. The blocks, or block and straps, are so arranged that they may be made to bite 
or press upon the pulley by means of the screws and nuts on the top of the lever D. To estimate 
the amount of power transmitted through the shaft, it is only necessary to ascertain the amount of 
friction of the arum A when it is in motion, and the number of revolutions maile. At the end of the 
lever D is hung a scale B, in which weights are placed. The two stops 0, C, are to maintain 
the lever as nearlv as possible in a horizontal position. Now, suppose the shaft to be in motion, 
the screws are to be tightened and weights added in B, until the lever takes the position shown in 
the drawing, at the required number of revolutions. Therefore, the useful effect would be equal 
to the projuol of the weights, multiplied by the velocitv at which the point of suspension of the 
weights would revolve if the lever were attached to the shaft. 

Fig. 5687 represents a pantograph for copying, enlarging, and reducing plans. One arm is 
attached to and turns on the fixed point G. B is an ivory tracing point, and A the pencil. Arranged 
as shown, if we trace uie lines of a plan with the point B, the pencil will reproduce it double the 
size. By shifting the slide attached to the fixed point G, and the slide carrving the pencil along 
their respective arms, the proportion to which the plan is traced will be variecL 
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Fig. 5638." A mode of releasing a sounding weight. When the piece projecting from the 
bottom of the rod strikes the bottom of the sea, it is forced upward relatively to the rod, and with- 
draws the catoh from under the weight, which drops off and allows the rod to be lifted without it. 

Fig. 5639. Union oouplins. A is a pipe, with a small flange abutting against the pipe G, with 
a screwed end ; B, a nut which holds them together. , . , ,. v . .* • 

Fig. 5640. Anti-friction bearing. Instead of a shaft revolving in an ordinary bearing, it la 
sometimes supported on the circumference of wheels. The friction is thus reduced to the least 

Fig.' 5641. Releasing hook used in pile-driving machines. When the weight W is sufficiently 
raised, the upper ends of the hooks A, by which it is suspended, are pressed inward by the sides of 
the slot B. in the top of the frame ; the weight is thus suddenly released, and falls with accumu- 
lating force on to the pile-head. , ,, , ^ , . . xi. i i. 

Fig. 5642. A and B are two rollers, which require to be equally moved to and fro in the slot 
a This is accomplished by moving the piece D, with oblique dotted arms, up and down. 

Fig. 5643. Centrifugal check-hooks, for preventing accidents in case of the breakage of 
machinery, which raises and lowers workmen, or ores, in mines. A is a framework fixed to the 
Bide of the shaft of the mine, and having fixed studs D. attached. The drum on which the rope is 
wound is provided with a flange B, to which the check-hooks are attached. If the drum acquires 
a dangerously rapid motion, the hooks fly out by centrifugal force, and one or other, or all of them, 
catoh hold of the studs D, and arrest the drum, and stop the descent of whatever is attached to the 
rop9. The drum ought, besides this, to have a spring implied to it, otherwise the jerk arising from 
the sudden stoppage of the rope might produce worse effects than its rapid motion. 

Fig. 5644. A sprocket-wheel to drive or to be driven by a chain. 
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Fig. S6U. A diffwentUl moTemenL Ths wiTew works in t, nut Momed to the hab of the 
wheel E, the nut being fiee to lutn 1q » benriiig in the ahorter gtandard, but pieTsnted b; ths 
bearing from any late»l motion. The eorew-ihatl is seonred in the wheel D. The driving shftft 
A OMries two pinions F and B. If these piniona were of anoh eile as to tarn the two wheela D 
ftud B with an eqttaJ Telocity, the aerew woold remain at rest; bnt the aaid wheels being driren 
kt uueqnAl Telooities, the screw tr»Tels Mcordiog to the difference of Telocity. 




Fig. 5G16. A combiniLtion movement, in which the weight W moves verticAlly with a recipro- 
cating movement, the down-stroke being shorter than the np-slroke. B is a revolving diao, carrying 
k drum, which winds round itself the onrd D. An arm is jointed to ttie disc uid to the upper 
M1U A, so tiist wlien tlie disc reTolvee, the arm A moves np and down, vibrating on the point G. 
This tltn carries with it the pulley E. Buppoee we detsch the cord from the drum and tie it to a 
fixed point, and then move tLe arm A np and down, the weight W will move the same diEtance, 
and in addition the movement given to it by the oord, that ia toaay, the movement will Iw doubled. 
How, let us attach the oord to tlie drnm, and revolve the diso B, end the weight will move verti- 
oally with the redprockting motion, in which the down-«troke will he aborter thao the tip-rtroke, 
because the dmm is continually taking up the oord. 

Figs. 5647, 5648. The first of these figures is an end view, and the second a side view, of 
an arrangement of mechanism for obtaining a series of ohangea of velocity and diieotion. D ia a 
screw on which is plsoed eccentrically the cone B. and is a friction-roller, which is pressed 
against the oone by a spring or weight. Oontinuoos rotary motion, at a uniform velocity of the 
screw D carrying the eocentric cone, gives a series of changes of velocity and direction to the 
roller 0. It will be understood that diiring every revolution of the cone the roller would press 
•gainst a different part of the cone, and that it would describe thereon a spiral of the aome pitch aa 
the Borew D. The rcdler C wonld reoeive a redprooating motion, the movement in one direction 
being shorter than that in the other. 




Fig. 5649. Two worm-wheels of eqoal diameter, bat one having one toofh more than the other, 
both in gear with the same worm. Suppose the first wheel has 100 teeth and the second 101, one 
wheel will gain one revolution over the other dnring the psssage of 100 X 101 teeth of either wheel 
•cross the plane of centres, or dnrine 10,000 revolotions of the worm. 

Fig,5650. Variable motion. If theoanical drum has a regular drouUrmotion, and the friction- 
mller u made to travetse ^ngthwise, • variable rotary motion of the friction-roller will be obtained. 

Fig. 5651. The shaft has two screws of different pitches cat on it, one screwing into a fixed 
bearing, and the other into a bearing free to move to and fro. Rotary motion of the shaft gives 
Nctilinear motion to the movable bearing, a distanoe equal to the difference of pitches at each 
rerolatlon. 

Elg. 6653. 'Giimdat into tedpncktiDg motion by means of a crank and oacillating lod- 




Fig. S653. Contlnned leotilinear movement of the (nat with mntilated moki, gives an alter- 
nate rotary motion to the tpiir-ge«r. 

Fig. 5654. AnU-frioHon bearing for a pnllej. 

Fig. 5655. On vibrating the lever to whtoh the two pawls ate attached, a nearly oontinuous 
reetUinear motion is given to the ratoheMiar. 
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Fig. 5657. ReotHmenr into ractilibeftr motion. When the roda A and B ore brought together, 
the Rids C and D ure thrtut Tarthor apart, and the revene. 

Fig. 5G5g. An en^HG-^veniar. The rise nitd Tall of the batla K are guided 1>y the parabolio 
curreil anas B, on nhioh the anti-friction wheels I. raa. The rods F, oonnecting the vheels L 
with the sloove, nxave it ap and down the spindle C, D. 

Fig, 56511. Rotarj motion of the worm gives a rectilioBur motion to the raoli. 

FiE. StiGO. Continuous rotary mnlion of the cam gives a reciprocating rectiltnoar motion to the 
bv. The cam is of equal diameter in every direotion moatiunid acroaii its cuntre. 

Fig, 5661. Colt's invention for obtainiog the movomont of the cvliader of a revolving flre- 
arm by the act of oocking the hammer. As tho hammor is draivn back to ooek it, the dog a, 
attached to the tnmblcr, acta on the ratchet b, oa tlie back of the cylinder. The dog is held up to 
the ratchet by a spring c. 





Fig. 5662. C. B. Otis's Bafety-stop for the platform of a hoisting appanttoa. A ore the sta- 
tionar? nprigbts, and B ia the upper port of the platform working between them. The n^>e a, by 
which the platform is hoisted, is attached by a pin b and spring e, and the pin is connected by 
two elbow-feveni with two pawls d, which work in ratchets aeoured to the aprighbl A. The 
weight of the platform and the tension of the rope, keep the pawls out of gear mim the tatchets 
" ' '" ' ■ ' le of the t)reakage of roi *■ - 



D hoisting or lowering the platform, but, in a 






rope, the spring c 






it of the platform. 

Fig, 5663. Crank and slotted cross-head, with Clayton's sliding joumal-boz applied to the 
jorank-wrisL This box oonsists (^ two taper lining pieces and two taper jibs adjustable bv acrewt, 
which serve at the same time to tighten the box oQ the wrist, and lo set it out to the slot in the 
orosB-head as the box and wrist wear. 

Fig, 5664. A mode of working e windlass. By the altematiDg motion of the long hand-lever 
to the right, motion is oommnoicated lo the short lever, the end of which is in immediate contact 
with the rim of the wheel The short lever has a very limited motion upon a pin, which is fixed 
in a block of c«at iron, which is nude with two jaw«, each having a flange projecting inward in 
oootaot with the inner snrfaee of the rim of the wheeL By the upward motion of the ontward end of 
the short lever, the rim of the wheel is jammed between the end of the lever and the flangos of the 
block, so as to cause friction suffioient to turn the wheel by the fmther upward movement of the 
lever. The backward moToment of the wheel is prevented by a common ratchet-wheel and pawls; 
u the short lerer is pushed dovm it frees the wheel and slides freely over it. 

Fig. 0665. The revolntion of the disc causes the lever at the right to vibrotey by the pin 
moving in the groove in the face of the disc 
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the toothed seotor prodncing alteraftte rectilinear motion in the horizontal bat Bt the bottom, and 
also allarnate perpendioular motion of the weight. 

Fig. 5667. By a Tibrattng motion of the ^ndle. motion is oommnnicated by the pinion to the 
maka. This is used in working small Bir-pompa for soientiflo experiments. 

Fig. 566S repr<;Bents a feeding appamtua fur (he bed of a Hawing machine. B; the revolalion 
of the orank at the lower part of the flgiu-e. alternate motion is communioated to the horizontal 
arm of the bcll-orank lever, whose fulcrum is at a, near the top left-hand comer of the figure. By 
this moanit, motii>n is communicated to the catcli attached to the vertical arm of tbe lever, and the 
said catch oommuoicatrs motion to the ratchet-wheui, upon the shaft of which is a tootlied pinion, 
working in tbe rack attached to the side of the carriage. Tbe feed is varied by a Boren in the 
bell-crank lover. 

Fig. 5669 is tbe movable bead of a taming lathe. By tnming the wheel to the right, motion 
is commniucated to the screw, producing reotihneai motion of the spindle, iu the end of which the 
centre is flied. 

Fig. 5670. Toe and lifter for working poppet-Talves in steam-engines. The cnrred toe on the 
rock-shaft operates on the iifW atiaobed to the lifting rod to raise the vijve. 

Fig. 5671. Pickering's governor. The balls are attached to springs, tbe npper end of each of 
which is attached to a collar Sied on the spindle, and the lower end to a collar on the aliding sleeve. 
The springs vield in a proper degree to tbe oentrifugEd force of the bolls, and raise the aleave ■ uid 
ingal force diminishes, tbej draw tbe balls toward the spindle and depra 



Fig. 5672. Conical pendulum, hnng by a thin pieoe of round wire! Lower end'oouneoted with 
and imven in a circle bj an arm ottoehed to a vetlioal rotating spindle. The pendulnm-rod 
describes a cone in its revolution. 
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Fig. 5673. Mercnrial ctmpensation pendtilaa. A glass jar of mercnry is used for the bob or 
weight As the pendulnm-rod is expanded lengthwise by inoreosed temperature, the expansion of 
mercury in the jar carries it to a greater height therein, and so raises its centre of gravity relatively 
to the rod BnfBoiently to compensate for downward expansion of the tod. As rod is contracted by a 
rednotion of temperature, oontiaction of mercury lowers it rtlatlvely to rod. In this way the centre 
of oscillation is always kept in tbe same place, luid the effective length of pendulum always the 

Fig. 5074. Compound bar compensation pendulum. is a compound bar of brass and iron, or 
steel biaxed together with bruss downward. As brase expands more than iron, the bar will bend 
upward as it gets warmer, and carry the weights W, W, up with it, raising the centre of the 
aggregate weiglit M, to raise the centre of oacillation as much as elongation of the pendulum-rod 
would let it down. 

Fig. il6T5. Watch regulator. The balance-spring is Btla<'hed at its ontir end to a fixed stud 
B, and at its inner end (o staff of lialance. A neutral point is formed in tbe spring at P, by 
inserting it between two cuil>-pins in the lever, which is fitted to turn no a fixed ring concentric 
with staff of l>alance, and tbe spring only vibrates tietween this neutral point and staff of balance. 
By moving; lever to the right, the ouTl)-piQs are made to redui^ tbe length of acting part of spring, 
and the vibrations of lialance are made titster, and by moving it to left an op|)oiite effect lis 
prodooed. 

Fig. 5676. Compensation balance. (, a, f, is the main bar of balance, with timing screws for 
re^rnlatioD at the ends. I and t" are two compound biu^ of which the outside is brass and the 
inside steel, carrying weights 6, b'. As heat increases, theee bora are bent inward by (he greater 
expansion of the brass, and the weights are thus drawn inward, diminishing the inertia of the 
balonoe. As the heat diminishes, an opposite effect is produced. Thu balance compensates l>oth 
for its OWB expandon and contiaction, and that of the ijuance-qning. 




Pig. 5677. Endless chi 



going barrel, to keep a clock going white 



winding, during which operation die action of the weight or main-spring ia taken off the barr^. 
Tbe wheel to the right is the going wheel, and that to the left the strikin , wheeL P is • 



ik goinj 
off the 
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D— o Larew rfttchet-whoel, to trhfch tbs oliok B fi 

attacbed, is connected with the great wheol G by a gprtng 8, S'. While (be olook It going the 
weight sots upon the great wheel G, through the ipring ; bnt sa sooa at the welj^t ii ta£en off br 
winding, the click T, whose pivot is «et in the tnune, preveuta the larger ratohet from Uling back, 
•nd ao the spring B, 8', still drivea the great wheel during the time the dock tahee to wM, at U 
need only just keep the escapement golog, Ae pendolam taking oue of itself Ibt that ahort thuf , 
Qooil watalies have a Bubstaalially eUnilar apparetos. 

Fig. 6t)79. A very conrenient oonatruotion of parallel rnler for drawing, made by catting » 

Suadnngla through the diagonal, forming two right^ngle triangles, A and B. It is u«ed by 
iding tbebypothenuBa of one triangle npoD that of the other. 
Pig. 5680, P&rallel ruler, coniiisting of a dimple straight ruler B, with an attached axle C, 

iler, have their edgea nic 
any lines drawn upon it. 




Fig. 56S1. CompoDnd parallel roler, oompoaed of two atmple ralera A, A, aanneoted by two 
croased arms pivolad together at the middle of their length, each pivoted at one end to one of the 
nUera, and connected with the other one bya alot and sliding pin, as shown at B. In this the end* 
aa well as the edge* are kept parallel. The principle of constmetion of the seraral nilen npm- 
•ented is taken advantaffo of in the formation of gome parts of machinery. 

Fi^. 5SS2. Parallel ruler composed of two simple roleri A, B, oonnected by two pivoted 
awin^ing arms 0, C. 



said tollers working against straight guide-bars a, a, attached to the frune. This is used for si 
engine* in Pranoe. 

Fig. 5685. A parallel motion Invented by D(. Cartwright in the year 1787. The toothed 
wheela C, 0. have equal diametets and nnmbers of teeth, and the cranks a, a, have equal radii, 
and are set in oppaait« directions, and coowquently give an equal obliquity to the oonneoting 
rods during the revolation of tlie wheels. The cross-head on the piaton-nid being attached lo tlie 
two OMmecting rods, the piatou-rod it caoaed to move in a right line. 





wheel B revolve* anand a stationary internally- toothed gear D, of double the diameter of B, and 
so motion It given to the ctauk-pin, and the piston-rod ia kept upright. 

Fig. 5687. The piston-rod it prolonged tod works in a guide A, which ia in line with the 
oentre of the oylinder. The lower part of the connecting rod it forked to permit the upper part of 
the piston-rod to paas between. 

Fig. 5668. All engine with crauk-moticni like that rqireeented in Fig. 3490 and Fig. 5663, 
the orank-wriat journal working in a slotted cross-head A. Thia oroaa-hrad works between the 
pillar-guidee D, D, of the engine framing. 

Fig. 6689, A parallel motion need for the piston-rod of lide-Iever marine engioee. F, C^ it the 
Tsdina bar, and E the oroaB-head to which the parallel bar E, D, is attached. 

Fig. 6690. A panllel motion used oulv in particular caeee. 

Fig. 6691 shows a parallel motion used in some of the old tingle-aoting beom-enginea. The 
piston-rod is formed with a straight rack gearing with a toothed aegtnent on the beam. The book 
of the rack works againat« roller A, 
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Fig. 569S. A puallel motion oonunonlT naed for itatloDftiT bMm-eiipnM. 

Fig. S693. AnarrangemeDtof pMtLllel motumfor ride-lsTar mariDe eDgioM. Thepanllel rodi 

contieoted with the aidaioda from the besmi or ai''" ' ' '— ' — "'■ -' — ' —" — - — - 

on ft n^-abaA troridog in fixed beuiDgs. 



re alM oonneoteil with abort radiiu u 



Fi^. 569J. Parallel motion in vliioh the ndiu rod i* oonneoted with the lower end of a iboit 
vibrating rod, the upper end of which ia aonneated with tbe beam, and to the centre of whlali the 
piaton-n>i! ia connected. 

Fig. S696. Another modlflcatioa, in which the rmdiiu bar ia placed above the beam. 

Fig. 5696. Panllol motion for direct-ection engtnea. In thia, the end of the bar B, C, Is 
coDoeoted with the piatoa-rod, and the end B alldea in a fixed alol D. The radioi bai F, A, 
i* connected at F wtu a fixed pivot, and at A midwaj between the otda of B, 0. 




Fig. 9697. Another parallel motion. Beam D, 0, with jo^Ung pUUF^nmiort B, F, whlcb 
fibratea from the centre F, The pi«ton-rod ij ocomeoted at 0. Tbe rsdlua bar £, A, prodnoea tba 
parailel motion. 

Fig. 569B. Graaihopper beam-engine. The beam ii attached at one end to a rocking pillar A, 
and the ahaft STranged aa near to the cjlindar aa the crank will work. A ia the radina oar of tha 
parallel motion. 

Fig. 5699. Old-fiialiiimedaiDgle-eetingbeampnmplngeDgineon the atmcapberia principle with 
chain conneotioD between pfaton-rod and a wgment at end of beam. Theo;linderiaopenat top. Very 
low preaanre ataam ia admitted below piston, and the weight of pamp-rod and conneotiona at the other 
end ofbeum belpa to raise piaton. Bteam ia then oondensed bj injection, and a Tacuam thna produced 



the fiaining, and at the other with a Tibtatlng 





Fig. 5702. Inverted oaoUlating or pendnlnm engine. Tiu eflinder haa trmmlona at Iti npp« 
end, and awing* like a pendulmn. The orank-ahaft ia below, and the plat(m-rod connected dlreetlT 
with crank. 

Fig. 5703. Table-engine. The ojUnder ia fixed on a table-like baee. The piaton-rod haa ■ 
eroaa-head working in atnight alotted nidea fixed on top jf cylinder, and ia connected b; two aide 
connecting rodi with two parallel oranxa oa ahaft nnder tbe table. 

Fig. 5704. Section of diao^ngine. Diao-piaton, aeeo odgewiae. haa a motion avbttantiall; like 
a eoio whcD it fint falla after being apan in the air. The cTltnder-heada are oonea. The piaton- 
rod ia made with a ball to which the diao ia attaobed, nid ball working In concentric aeata In 
cylinder-head*, and the left-hand and ia attached to the crankHum or fly-whwl on end of ahaft at 
leit. Steam ia admitted alternately on either aide of piaton. 

Fig. 5705. Mode of obtaining two reoiprooatlng movemanta of a rod bj one revolntton of a ahaft, 
pnUnted in ISSS by B. F- Boyder, hni beae mm) (or openling the needle of a aewinf maoliine, by 
9. 8. MoOnday, alao for driving a gang of Nwa. Tkt diac A on the oenttal rot«fo)| ahaA hu 
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two slots a, a, crossing each other at a right angle in the centre, and the oonnecting rod B haa 
attached to it two pivoted slides c, c, one working in each slot. 

Fig. 5706. Another form of i>azallel ruler. The arms are jointed in the middle and connected 
with an intermediate har, by which means the ends of the ruler, as well as the sides, are kept 
parallel. 
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Fig. 5707. Traverse, or to-and-fro motion. The pin in the upper slot being stationary, and the 
ono in the lower slot made to move in the direction of the horizontal dotted line, the lever will by 
its connection with the bar give to the latter a traversing motion in its guides a, a. 

Fig. 5708. Stamp. Vertical percussive falls derived from horizontal rotating shaft. Tho 
mutilated tooth-pinion acts upon the rack to raise the rod until its teeth leave the rack and allow 
the rod to fall. 

Fig. 5709. Another arrangement of the Chinese windlass, illustrated by Fig. 5535. 

Fig. 5710. A modification of the crank and slotted cross-head. Fig. 5500. The cross-head con- 
tains an endless groove, in which the crank-wrist works, and which is formed to produoe a uniform 
velocity of movement of the wrist or reciprocating rod. 

Fig. 5711. 'The gyroscope, or rotascope, an instrument illustrating the tendency of rotating 
bodies to preserve their plane of rotation. The spindle of the metallic disc G is fitted to return 
easily in bearings in the ring A. If the disc is set in rapid rotary motion on its axis, and the pintle 
F at one side of the ring A is placed on the bearing in the top of the pillar G, the disc and ring 
seem indifferent to g^vity, and instead of dropping begin to revolve about the vertical asds. 

Fig. 5712. Bohncnberger's machine, illustrating the same tendency of rotating bodies. This 
consists of three rings, A, A^A*, placed one within the other, and connected by pivots at right 
angles to each other. The smallest ring A' contains the bearings for the axis of a heavy ball B. 
The ball being set in rapid rotation, its axis will continue in the same direction, no matter how the 
position of the rings may be altered ; and the ring A^ which supports it will resist a considerable 
pressure tending to displace it. 




Fig. 5713. What is called the gyroscope governor, for steam-engines, introduced by Alban 
Anderson, in 1858. A is a heavv wheel, the axle B, B*, of which is made in two pieces connected 
together by a universal joint, llie wheel A is on one piece, B, and a pinion I on the other piece, 
B^ The piece B is connected at its middle by a hinge-joint with the revolving frame H, so that 
variations in the inclination of the wheel A will cause the outer end of the piece B to rise and 
fall. The frame H is driven by bevel-gearing from the engine, and by that means the pinion I 
is carried round the stationary toothed circle G, and the wheel A is thus made to receive a rapid 
rotary motion on its axis. When the frame H and wheel A are in motion, the tendency of the 
wheel A is to assume a vertical position, but this tendency is opposed by a spring L. The greater 
velocity of the governor, the stronger is the tendency above mentioned, and the more it overcomes 
the force of the spring, and the reverse. The piece B is connected with the valve-rods by rods O, D, 
and the spring L is connected with the said rod by levers N and rod P. 

Fig. 5714. Traverse of carriage, made variable by fusee, according to the variation in diameter 
where the band acts. 

Fig. 5715. Primitive drilling: apparatus. Being once set in motion, it is kept going by hand, 
by alternately pressing down and relieving the transverse bar to which the bands are attached, 
causing the bands to wind upon the spindle alternately in opposite directions, while the heavy diso 
or fly-wheel gives a steady momentum to the drill-spindle in its rotary motion. 

Fig. 5716. Continuous rotary motion from oscillating. The beam being made to vibrate, the 
drum to which the cord is attached, working loose on fly-wheel shaft, gives motion to said shaft 
ti trough the pawl and ratchet-wheel, the pawl being attached to drum and the ratchet-wheel fast 
on shaft. 

Fig. ^717. Another simple form of clutcli for pulleys, consisting of a pin on the lower shaft 
and a pin on side of pulley. The pulley is moved lengtnwise of the shaft oy means of a lever or 
other means, to bring its pin into or out of contact with tho pin on shaft. 
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Fig. 5718. Altenuting tnTene of upper ahaft and its drum, prodaced b; pin on the end ot 
Ibeehaft working in obliqoe RTOOTe in the lower oylinder. 

Fig. 9719. 8M4aw, one ofthe dinplegt illoatrationB of a limited OKillatuig or ilternate ciicnUi 




Fig. 5720. Intermittent rotary motion ttonx contiDOOiu rofsr; notion abont m axis ttt right 
anglee. Small wlieel on left is dnver ; and the rdotion-lallort on ita rftdial studs work againBl the 
facee of oblique groovee ot prDjectiona ocrosa tlie face of the larger wheel, and impart motion 

Fig. 5721. Cfliadrieal rod arranged between two rollers, the aics of which ere ohiiqne to each 
other. The rotation of the rollers praduoee both a longitudinal and a rotary motion of the rod. 

Fig. 5722. Drilling machine. By the large bevel-gear rotary motion is given to Teriical drill 
shaft, which elides through am^ bevel-gear but is made to turn with it by a fetttfaer ai 
and is depressed by treadle oonnectcd with nppei lever. 
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Fig. 5723. A parallel rtiler with wbioh lines may he drawn at required diitanoea apart withont 
Betting out. Lower edge of upper blade has a gradnated ivory scal^ on which the incidenoo of the 
onler edge of the brass arc IndiCAtes the width between the blades. 

Fig. 5724. Deeoribing spiral line on a cylinder. The spur-geor which drives the bevel-gears, 
and thus gives rotaiy motion to the cvlioder, also gears into the toothed rack, and thereby cauaea 
the marking point to traverse from end to end of the cylinder. 

Fig. 5725, Cycloidal surfaces, causinj; pendulum to move iu oyoloidal curve, rendering oadlla- 
tions isochronous, or equal-timed. 

Fig. 5726. Blotion for polishing mirrors, the rubbing of which should bo varied as much as 
practicable. The handle turns the crank to which the long bar and attoi-hed ratchet-wheel are 
connected. The mirror is secnred rigidly to the ratchet-wheel. The long bar, which is guided by 
pins in the lower rail, liaa both a longitudinal and an oscillating movement, and the ratchet-wheu 
IB caused to rotate inttrmittently by a click operated by an eccentric on the orouk-shaft, and heuoe 
the mirror hoe a compound m 




and an alternating c . . . . 

passes from one side of the wheel to the other through an opening on the left of the figure. 

Fig. G728. White's dynamometer for determining the amount of power required to give rotary 
motion to any piece of mechanism. The two horizontal bevel-geatg are arranged in a hoop-shaped 
frame, which revolves freely on the middle of the horizontal shaft, on which tbere are two vertical 
bevel-geara gearing to the horizontal ones, one fast and the other loose on the shaft. Buppoae the 
hoop to be hold stationary, motion given to either vertical bevel-gear will be imparted through the 
boniontal gears to the other vortical one ; but if the hoop be permitted it will revolve with the 
vertical gear put in motion, and the amount of power required to hold it stationary will correspond 
with that transmitted from the flrst gear, and a band attached to its periphery will indicate that 
power by the weight required to keep it stiU. 

Fig. 5729. Bobert's coDtrivance for proving that (riction of a wheel carriage does not iuorease 
with velocity, but only with load. Loaded wagon is supported on surfaoo of hirgo wheel, and con- 
nected irith indicator oonatructcd with spiral spring, to show force required to keep carriage 
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Kg. ST3I. Pair of edge mnneni or chaaera for cmahing or grinding. The azlea are oonneoted 
with vertical shaft, and the wheels or chasers mn in an annular ua or troagh. 

Tig. 5732. Tread-wheel hone-power turned b; the weight of an animal attempting to walk up 
one sideof ita interior ; haibeennaed fordrivingthe paddle-wheeb of ferry-boat* and oUierpurpoeea 
by horgee. The tum-spit di^ naed alio to be emplojed in BDch a wheel in anoient times for taming 
meat while roasting on a spit. 

Fig. 5733. The treculmill employed in jails in some oonntriM for exercising criminals ofmdemned 
to Isboor, and emploved in grinding grain ; tnms by weight of petsona stepping on tread-bo«rdl 
on periphery. This is sDppoeed to be a Ohinese inveution, and it is still nsed in Cliina for raising 
water for irrigation. 

Fig. 5734. SfLW for ontttng tieee by motion of pendalnm. la repreeented as cutting a lying tree. 

Figs. 5735, 5736. Portable onunp drills. In Fig. 5735 the hed-»crew U opposite the drill, 
and in Fig. 5736 the drill-apindle passes throngh the centre of the fecd-aorew. 

Fig. 6737. Bowery's jomer'aclamp, planand transreraeBection. Oblong bed haa, at one end. two 
wedge-formed cheeks, adjaoent sides of which lie at an angle to each other, and are dovetailed 
inwatd from apper edge to receive two wedges for damping the piece or pieoea of wood to be planed. 




Fig, S73B. Adjustable stand for mirrors, by which a glass or other attiole oan be nused or 
lowered, turned to the right or left, and varied in its luelinatlon. The stem is fitted into a socket 
of pillar, and secured by a set screw, and the glass is hinged to the stem, and a set soraw is applied 
to tlie hinge to tighten IL The same thing is used for ^totocraphio oamera-stands. 

Vig. 5739 represents the principal elemmilst^maohuierj for dieaaing doth and warps, oonMt- 
ing ot two rollers, from one to the other of wlllob the yam ca clolh is wound, and an interpoMd 
oylinder having its periphery eitlier smooth.«urfaoed or armed with hnuhea, teaaela, or other oon- 
trivanoes, accoiding to the nature of the work to be done. These elements are used in maohinea 
for sizing warpa, gig-mills for dieaalDg woollen goods, and in most maohines for finishing woven 

Fig, 5740. Helicograph, or instrument for describing helioea. The small wheel, by revolfing 
about the fixed central pomt, describes a volute or spiral bv moving along the wrew-threaded axle 
either way, and transmita the same to drawing paper on wnich tnnifer paper is laid with ooloured 
aide downward. 

Fig. 9711. Contrivance employed in Bnnia tot shutting doors. One pin is fitted to and turn* 
in socket attached todofv, and the other is similarly attached to frame. In opening the door, pins 
ara brought tt^ether, and weight is raised, Wdght closes door by depreaing the joint tttita 
togrie towards a stialght line, and so widening the apace between the pins. 

Fig. S742. Folding library ladder. It is shown open, partly open, and closed ; the minda are 
pivoted to ibe slde-pleoM, which are fitted together to form a round ptde whan cloMd, the round* 
shutting np inside. 

Fig. 6743. &elf-«dju>t in g step-ladder for wharfs at whioh there are rise and fall of tide. The 
steps are pivoted at one edge into wooden bars forming strinK-pieoea, and their other edge Is rap- 
ported by rods Buspended tiom bate forming hand-rails. The step* lenwin horiiontal whatever 
poiition the ladder asanmea. 

Fig, 5744, Feed-motion of Woodwfnth's planing maohine, a smooth snpportiog roller, and ■ 
toothed top roller. 

Fig. 5745. Lifting jack operated by an eccentric, pawl, and ratchet Tbo upper pawl I* 

Elg, 5746. Device for converting oscillating into rotary motion. The Bemioircniar piece A is 
attached to a lever which works on a fulcrum a, and it has attiiched to it the ends of two bands 
O and D, which mn around two pulteys, loose on the shaft of the fiy-wheel B. Band Is open, 
and band D orossed. The pulleys have attached to them pawls whloh engage with two ratenet- 
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wheels taa on tne fl;-itlie«l ahKft. One pavl acts on iti ratchet-wheel when the piece A turni 
one vnj, and the other wben the Biid piece toma the othei way, and thoa a ooatmnoiu totarf 
motion of the ahaft Is obtained. 

fiR. 5747. Beciprocating Into lotar? motion. The weighted racks a, a*, are piroted to the 
end of a piaton-rod, and pine at the end of the aaid lactu work in fixed gnide-giooTea ft, 6, in meh 
manner that one i«ok opinatee upon the cog-wheel in ascending and the other in deeoending, and 
go contiDnoua rotary motion U produced. The elbow-lever c and ipiing d are for o 
pin (tf the light-hand rack over the upper angle in ita guide-grooTe 6, 




hittl 




Pig. 57*8. Glg-nw, tta Iinnr ^ oannected with a en _ 
connected with a spring which keeps it Btrained withont a gate. 

Fig. S7i9. Coatrivance for polishing lenaaa and bodies of spherical form. The polishing 
material is in a onp coitneoted b; a ball-and .socket joint and bent piMW of metal, with a lotLtiuff 
upright shaft get coneontrio to the body to be polished. Tlie cap is set eccentric, and by that 
means ia ransad to have an independent rotary motion ahont its ails on the nnlTersal joint, as well 
as to revolve about the common aiia of the abaft and the body to be polished. This preToota the 
parti of the surface of the onp from coming repeatedly in contact with the same parts of surface of 
the lena or other body. 




IC^D) ^! 




Fig. 5750. C. PaTS0Da*8 device for oonvertinff reciprocating motion into Tolary, an endteet 
rack provided with groovee on its etde gearing with a pinion having two oonoentno flangea of 
dilTeTent diametere. A aubatltnte for crank in oscillating cylinder en^nea. 

Fig. 9731. Fonr-waj cock, used many yean ago on ateam-engmea to admit and exhauat 
■team troia the cylinder. The two poaitiona re|>T««ented are prodoced by a qnartet tarn of the 
plug, Bnppoaing the steam to enter at the top. In the upper figure tbe exhaust is bom the right 
end of the cylinder, and in the lower flgnre the exhaust ia from tbe left — tbe steam entering, of 
oonrse, in the opposite port 

Fig. 5752. CoQtinnons circular into intermittent reettlinear reciprocating. A motion used oo 
•evenJ sewing maehinea for driving the shnttle. Same motion applied to three-revolution 
cylinder print ing-prcaae«. 

Fig. S753. Continnons circular motion into intermittent cimnlar — the cam C being the driver. 

Fig. 5754. A method of repairing diains, or tightening ohBins used as guys or braces. Link 
is made in two parta, one end ol each is provided with swivel-nutjand other end with screw ; the 
•orew of e«oh part flta into nut of other. 




Fig. 575S. A. B. Wilson's foor-nwtioii feed, used in Wheeler and Wilson's. Sloat'e, and o^er 
Hwlng maehinea. The bar A ia forked, and has a second bar B, oarrying the «>ur or feeder, 
pivoted in the said fork. Tbe bar B Is lifted by a radial projeotion on the cam C, ^th^ '^'o^ 
erne the two bars are carried forward. A spring produces the return strobe, and the b*r B drape 
of its own gravity. 

Fig. 5756. B. P. Browneir* crank-motion to obviate dead-centrea. The preaanre on the 
treadle causes the slotted slide A to move forward with the wrist until tbe latter ha* peMed 
the centre, when the spring B foroee the slide againit the stop* oultl It is again required to move 
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Fig. 9757. Oyalogmpb for deteribluK eitoulu' ans in drawincB where the oeotre la insooe*- 
aible. This is composeil oF three Btraight roles. The chord and veised sine heiiir laid down, 
draw straight Bloping line, from ends of former to top of latter ; and to these lines lay two of the 
rules cioBsing at the apex. Fasten theoe roles together, and another rule across them to xerre aa 
a bntce. and insert a pin or pniat at each end of chord to guide the apparatoa, which, on being 
moved against these pointy will describe the are bf meaiu of pencil in the angle of the crossing 
edgba of the sloping rules. 

Fig. 5758. Another cj'cIogTaph, The elostie arched bar is made half the depth at the ends 
thnt it is at the middle, and is farmed so that its outer edge ooiocidea with a true circular arc when 
bent to its greatest extent. Three points in the required are being givoti, the bar is bent to them 
bj means or the screw, each end being conflnod to the straight bar by means of a small roller. 

Fig. 5759, Mechanical means of describiog hyperbolas, their foci and verticea being given. 
Bnppose the curves twa opposite hyperbolaa. the points in vertical dotted centre line their foci. 
One end of thread being looped on pin inserted at the otlier focos, and other end held to otlier end 
of mle, with just enou^ alack between to permit height to reach vortex when rule eoinddea with 
centre line. A pencil held in bight, and kept close to role, while letter is moved from centre line, 
de^ribes one-hnlf of parabola ; the rule ia then reversed for the other half. 

Fig. 5760. Mechanical mouns of describiog parabolas, the base, altitude, foooa, and directrix 
being gives. Lay straight edge with near side coinciding with directrix, and square with stock 
against the same, so that the blade is parallel with the axis, and proceed with pencil in bight of 
thread, as in the preceding. 




ter bat is bent till the npper side meets apex of arch, fnlomm-piece at 
its base ensuring its retaining tangential relation to jamb; the pencil Is seoured to arched bar at 
its connection with co:d. 

Fig. 5762. Centrolinead for drawing lines toward an inMcessible or inoonvoiiently distant 
point ; chiefly used in perspective. Upper or drawing edge of blade and back of movable I^b 
should intersect centre of joint. Groimotrical diagram indicates mode of setting insbnuneots, legs 
forming it may form unequal angles witli blade. At pither end of dotted line eroaslng central, a 
pin is inaertiid vertically for inatrument to work agatnat. Buppoelng it to be ineonvenient to 
produce the convergent lines until they intersect, even temporarily, for the purpose ot setting the 
inatrument aa shown, a corresponding convergence may be foond between them by drawing a line 
parallel to and inward from each. 

Fig. 5703. Proportional compasses osed in copying drawings on a given larger or onaller 
scale. The pivot of compasses is seoured in a slide which is adjoslable in the longitudinal alots of 
legs, and capable of being secured by a set screw : the dimensions are taken between one pair of 
points and b%nsforred with the other p«ir, and thus enlarged or diminished iu proportion to the 
relative distaooea of the points &om the pivot. A scale is provided on one or both lega to indicate 
the proportion. 



an. 



tia. 
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Pig. 576*. Bisecting mnge. Of two parallel cheeks on (he cross-bar one ia fixed and the other 
adjustable, and held by thumbscrew, ui either cheek is entered one of two short ban of equal 
lon^h, united by a pivot, having a sbarp point for marking. This point is always in a oenbral 
position between the cheeks, whatever their distance apart, so that any parallel-aided solid to 
which the chceka are adjusted may be bisected from end to end by drawing the gauge along it. 
Solids not parallel -sided may be bisected in like manner, by leaving one tdieek loose, but keeping 
it in oontaot with solid. 

Fig. 57C5, Self- recording level for snrveyors, consists ofa carriage, the shape of which is goremed 
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pendnluin tr&ow prollle aoiTMpuiiiiiiig irith that of grouiid travelled over. The drnm can ba 
ahifted Tcrticalir to Mcoid with any gLran scale; and hotizoDtalif, to avoid removal of filled 
paper. 




pawU B and 0, hiuced to its upper side, near shaft of wheel D. Bmall oiank B on upper side of 
lever A u attached b; cord to each of pawla, bo that when pawl C is let into oontact with interior 
of rim of wheel D, it moves ia one direction, and pawl B is ont of gear. Motion of wheel D majr 
be reveracd by lifting pawl 0, which was in gear, and letting opposite one into gear by crank K 

Fig. 5767. Adevioe for astistinztho crank nfa treadle motion overlhe dead-centres. The helical 
spring A haa a tiindency to move tbo crank B in direction at right anglea to dead-c«ntres. 

Fie. S7(>S. CoDtinuoua circular motion into a roctllinear rcoiprocating. The shaft A, working in a 
fixed bearing D, ie bent on one end, and fitted to turn in a cockot at the upper end of a rod U, the 
lower end of which works in a Bocket in the slide O, Doited tines show the position of tho rod3 
and slide, when the shaft bus made half a revolution from the position shown in bold lines. 

Fig. 5769. Buchanan and Righter's slide-valve motion. Valve A ia attached to lower eod of 
rod B, and free to slide horizontelly on valve-seat. Upper end of rod B ia attachcil to a pin, 
which sLdee in vertical alota. and a roller C, attached to the said rud, aljdea in two suspendiil and 
verticatl; adjustable area D. This arrangement ia intended to prevent the valve Ttom being 
pressed with too great force against ita seat oy the pressure of steam, and lo relieve it of friction. 

Fig. 57TD. Continuous oiroular motion converted into a rocking motion. Used in self-rocking 
cradles. Wheel A revolves and is connected to a wheel B, of greater radius, which receives an 
osoUIating motion, and wheel B is provided with two fiexible bands 0, D, which connect each to a 
standard or post, attached to the rocker E of tlie cradle. 

Fig. 5771. Trunk-engine used for marine purposes. The piston has attached to it a trunk, at the 
lower end of which the pitman is connected direotly with the piston. The trunk works throngh a 
BtnfSng boi in oylindei-head. The effective area of the upper side of the piston ia greatly reduced 
by the trunk. To equalize the power on buth sides of piston, high-preaaure ateam haa been first 
used on the upper aide, and afterward exhausted into and used expansively in the part of cylinder 

Fig.S772. Oscillating piston engine. TheproBleofthecylindetAisoftheformofaseotor. The 
piston B is attached lo a rock-ahaft C, and steam is admitted to the cylinder to operate on one and 
the other side of piston altematelj, by means of a slide-valve D, snbrtantially liku that of an oidi- 
DBiy reciprocating engine. The rock-shafl is oonneoted with a crank lo produce rotary motion. 

rig. 5773. Boot's double^uadiant engine. Tiiis ia on the same principle as Fig, 5772 ; bwt 
two single-Bctiag pistons B, B, are nsed, and both connected with one crank D. The steam is 
admitted lo act on the outer sides of the two pistons alternately b; means of one induction-valve a, 
and is exhausted through the apace between the pistons. The piston and crank connections are 
BDoh that the steam acta on each piston dnring about two-thirds of the revolution of the crank, and 
benca there ore no dead-points. 

Fig, 5774. Boot's doubte-raoipmcating or square piston engine. The cylinder A of this 
engine ia of oblong square form, and contains two pistons B and C, the former vrorking horizon- 
tally, and the latter working vertically within it. The piston C ia connected with tbo wrist a of 
the oran^on the main shaft 6. The ports for the admission of steam ore shown blaok. The two 
pistons produce the rotation of the cnnk without dead-points. 

f>N. HM. sm. sm. i-.n. swt. 



n tho shaft, and working ii 
■with the cylinder at one point. The induction and eduction of steam take place as indicated by 
arrows, and the pressure of the steam on one side of tho piston produces its rotation iind that of the 
ihaft. The slidmg abutment D, between the induction and eduction ports, moves out of the way 
of the piston to let it pass. 

Fig. 9776. Another form of rotarf engine, in which there are two stntionDiy abutments D, D, 
withlD the eylindci : and the two pistons A, A, in order to enable them to pass the abutments, are 
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made to slide nulUll; in sroaveE in the hub C of the duUu abaft B. The Bteom act* on botii 

Soaa at onoe, to pioduce the rotation of the hnb and shaft The iadnotiou and eduotion ara 
icated by arrows. 
Fi • ■■ 

coQcentrio with the shaft, but the; are alwaja ndial to the cjhnder, being kept so by ring* (i^wl 
dotted), fitting to babe on the oytindei-headg. The pistooa slide tbroi^h rolliiig packings A, A, 
in the hob C. 

Fig. 9778. The iadia-nibber rotary engine, in which the cylinder has a flexible lining E of 
India-rabber. and rollera A, A, are enbatituted for piatons, nld rollers being attaobed to aruw 
ndiating from the main shaft B. The steam aotiog between the india-mbber and the snrroundiDg 
rigid portion of the oylinder presses tlie india-rubber agaliut the lollen, and canse* them to revolve 
around the cylinder and turn the shaft. 

Fig. 5779. HoUv'b donble-elliptioal rotary engine. The two eHiplical pistons geared together 
are opented npon by the st«am entering between them in Bocb manner as to produce their rota^ 
motion in opposite directionB. 

Tliese rotary engines can all be converted into pnmps. 

Fig. 5780. Overshot water-wbeel. 

Fig. 5781. Undershot watei-wbeeL 

Fig. 5782. Breast-wheel, Tliis holds intennediats plaoe between overshot and undershot 
wheels ; has float-boards like the former, bat the cavities between are converted into buckets by 
moving in a channel adapted to circumference and width, and into which water enters nearly at 
the level of axle. 

Fig. 5783. Horizontal overshot water-wheel. 

Fig. n784. A plan view of the FonmeyroD turbine water-wheel. In the oentre ere a uamber of 
flied curved shut«« or gnidee A, which direct the water against the buckets of the outer wheel B^ 
which revolve*, and the water discharges at the circnmference. 

Fig. 5785. Warren's oentral diecharge turbine, plan view. The gnides a ara outside, and tho 
wheel b revolves within them, dincharging the water at the oentre. 




1 on the outside of a drum, radial to a 
„ b. The wheel c U made in nearly tho 
ray ; the buokets exceed fa number those of the shulee, and are set at a shght tangmt 
insuaa of radially, and the onrve ^neially used is that or the cycloid or parabola. 

Fig. 5T87. Volute wheel, havmg radial vanes a, against whicb the water impinges and oatriee 
the wheel around. The scroll or volute casiiig b confines the water in snch a manner that it 
acts against the vanes all around the wheel. By the addition of the inolined bockets c, c, at the 
bottom, the water is made to act with additional force as it eacapee through tho openings of said 
buckets. 

Fig. S7SS. Barker, or reaction mill. Botsry motiun of central hollow shaft is obtained by the 
reaction of the water esoaning at the ends of its arms, tho rotation being in a directiim the raverae 
of Ihsee 




'Fig. 5769. A method of obtaining a reciprocating motion from a continuous fall of water, 
by means of a valve in the bottom of tbe bnckrt which opens by Btrlktng the ground, and tberaby 
emptying the bucket, which is oansed to rise again by the action, of a counterweight on the 
other side of the pulley over which it is suspended. 

Fig. 5790 represents a trough divided transversely into eoual parts, and supported on an axis 
by a &me beneath. The fall of water filling one «de of the division, the trongh is vibrated on It* 
axis, and at the same time that it delivers tha water the opposite side is brought under the stream 
and filled, which in like manner produces the vibration of the trough back agaiiL This has becm 
osed as a water meter. 

Fig. 5791. Fmlan wheel, used in Eastern countries for irrigation. It has a hollow shaft and 
oomd floats, at the extremities of which ara suspended buckets or tabs. The wheel is partly 
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ft ttrMin Mting on the oonvBi nufiuM of its flosti ; and u it ii thna canaed to 
TBTolTe, > qnantit; oT water will be elevated by each flo«t at etuiL reyidation, and coaducled to the 
hollow Bbatt at the nine time that one of tbs bucket* carrieB its fill of water to a higher level, 
where it la emptied bj ooming in oontaot with a atationary pin plaoed in a oouTenlenI ponlion for 

tilting it. 

Fig. S792. Hacbine of anoient origin, itill employed on the river Eiaaoh, in the Tyrol, for 
tailing water. A eurroDt keeping the wheel in motion, the pots ott ita peri[^ery are Booceesively 
immetaed, filled, and etiiptiad into a trough above the stream. 

Fig. ST93. Anplication of Archimedes' screw to raising water, the eapply stream being the 
motive power. The oblique shaft of the wheel has extending tluYiugh it a apiiiJ passage, the 
lower end of which is immersed in water, and (he stream, acting upon the wheel at its lower end, 
produces its revolution, b; wbicb the water is conveyed upward continuously through the spiral 
pMsage and disoharged at the top. 

Fig. S79*. MontgolEer's hydranlio ram. Small fall of water made to throw a jet to a great 
height or furniah a supply at high level. The right-hand valve being kept open by a weiglit 
or spring, the current flowing through the pipe in the direction of the arrow escapee thereby till 
Its preaaure, overooming the resistance of wtight or spring, closee it. On the closing of this valve 
the momentum of the onrrent overoomes the pressure od the other valve, opens it, and throws a 
qnantity of water into the globular air-chamtier by the expoosive force of the air in whi'oh tho 
upward stream from the nozzle ii maintained. On equilibrium takiDg place, the right-hand valve 
opens and left-hand one shuts. Thna, by the alternate action of the valves, a quantity of water 
is raised into the air-ohamber at every stroke, and the elasticity of the , air givee aniformity to 




Figs. 5795, 5796. D'Ectol's oeoillating column, for elevating a portion of a given fall of 
water above tbe level of the reaerToir or haad, by means of a machine, ell the parts of which are 
absolntely flxed. It coTisista of an upper and smaller tube, which is constantly supplied with 
water, and a lower and larger tube, provided with a ciicnlar plate below conoentric with the orifice 
which receives tbe stream from the tube above. Upon allowing the water to descend, as shown in 
Fig. 5795, it fonas itself gradnallv into a oone on the circular pUte, as shown in Fig. 5796, which 
cone protrudes into the smaller tnoe so bb to check tbe flow of water downward ; and the regular 
supply oontinoing from above, the column in the npper tube rlsea until the cone on tbe circular 
plate gives way. This action is renewed periodioally, and is regulated by the supply of water. 

Fig. 5797. This method of passing a bout from one shote of a river to the other is common 
on the Rliine and elsewhere, and is effected by the action of tbe stream on the rudder, which 
carries the boat across the stream in the arc of a circle, tlie centre of nhioh it the aitohor which 
holds the boat from floating down the stieftm. 

Fig. 5798. Common lift-pump. In the np-stroke of piston or bucket the lower valve opens and 
the valve in piston shuts; air is exhausted out of suction-pipe, and witter rushes up to fill the 
TBcuum. In down-stroke lower Tslve is shut and valve in piston opens, and the water simply 
passes through the piston. The water above pfstoD is lifted up, and runs over out of spont at each 
np-stroke. This ponip eaimot mlse watw over SO ft. bi^ 

Fig. 5799. Modem lifting pomp. This-pnmpoperatesinHuneinannerasMialnpmions figure, 
except that plstm-rod peaMS tbrouKh itnttlng doi, and outlet is closed by a flap-valvo opening 
upward. Water can be lifted to any height above this pump. 





Fig. 5800. Ordinary force-pump, with two ralTes. The cylinder is alwve water, and is fitted 
with solid pistoo : one valveclose«outlet-pipe,aodotberotoaeasnotion-p!pe. When piston is risiug 
suction-valve is open, and water ruahea into cylinder, outlet-valve being dosed. On descent of 
piston suction-valve oloeea, and water is forced np through outlet-vslveto anydistanoe or elevation. 
Fig. 5801. Force-pump, same ss above, with addition of air-chamber tn tho outlet, to produce a 
constant flow. The outlet from air-chamber is shownat two plaoes. from eitherof which wptermay 
be taken. The air is compressed by tbe water during the downward itroke of the piitim, and 

__. .1 ,__, .... .u — v.. J..-; — '•^- -p^troke. 

1, and piston-rod pasKS throosft 
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itnfflsg box on one end, and the oylioder has four openings eoveied by vatvea, two for adm1ttiDj> 
water and like nnmber for diBcbarga. A ia suction-pipe, and B diecharge-pipe. Wben pisloii 
movea down, water ruahee in at Baotion-valTe 1, on upper end of ojlinder, and that below pistoQ is 
forced Uuroneh TalTB 3 and discharge-pipe B ; onUiepietoDasoendtng again, wateria forced thrODgb 
di»ohlirge-V(3Te 4, on upper end of cylinder, and water enters lower Buciion-valve 2. 

Fig. S803. Donblelanlem-bellowfl pump. As one bellowa ia distended by lerer, air is rarefied 
within it. U)d water paoses up snction-pipe to fill space: at tame time otbcr tellows ia compressed, 
and eipd« its wntenta throngh discharge-pipe ; valvea working the same as in the ordinary force- 
Fig. 58M. Diapbragm forcing pump. A flexible diaphngtn is emploved instead of bellowa, 
and ralTOB are armnged same as m preceding. 



Fig. 5805. Old rotary pnmp. Lower aperture enlranee for water, and upper for eiit. Centnd 
pftrt revolvea with ita valTes, whiob fit acoarately to inoer antfaoe of outer cylinder. The projection 
shown in lower side of cylinder is au abutment to close the valvca wben they reack that point. 

Fig. 5806. Gary's rotary pump. Within tbo fixed cylinder there is placed a rerulving drum B, 
Attached to an axle A. Heart-ahaped cam A, surrounding axle, is alao fixed. Bevolution of drum 
causes sliding pistons c, c, to more in and out, in obediencu to form of cam. Water enleia and ia 
removed from the ohombet throagb ports L and H ; the directiona are indicated by arrows. 0am 
is so placed that each piston is, in aucoesaion, forced back to its seat when opposite E, and at same 
time other piston is forci:d fully against inner aide of chamber, thus driving before it water already 
there into exit-pipe H, and drawing after it, througli suction-pipe F, tbe stream of supply. 

Fig. 5807. Common mode of raising water from wells of inconsiderable depth. Connterbalanoe 
equals about one-half of wtiglit to be raised, bo that the bucket has to be pulled down when empty, 
and is assisted in elevating it when full by counterbalance. 

Fig. 5908. The common polley and buckets for raising water ; tbe empty bncket ia pulled 
down to raise tbe full one. 

Fig. 5809. Beoiprncating lift for wells. Top part represents horizontal wind-wheel on a ahaft 
whiob carries spiral tliread. Coupling of latter allows small vibration, that it ma; act on one 
worm-wbeel at a time. Behind worm-wheels are pulleys, over which paases rope which carrieH 
bucket at each extremity. In centre is vibrating tappet, against which bncket strikes in ita ascent, 
and which, by means of arm in step wherein spiral and waft are snpported, traverses spiral from 
one wbeel to other, so that the bucket which has delivered water is lowered and oUker one raised. 

Fig. 98(0. Fairbaim's bsiling scoop, for elevating water short dislanoea. The soiiop is 
connecled by pitman to end of a lever or of a beam of siogle-actlng engine. Distance of lift maybe 
altered by plaoing end of rod in notches shown in figure. 

Fig. 5811. Feodolums or swinging gutters for rallying water by their pendulous motions. 
Terminations at bottom are scoops, and at top open pipes : intermediate angles are formed with 
luxes and flap-valve, each oonnected with two branches of pipe. 

Fig. 5S12. Chain pumps ; lifting water by oonlinuous circular motion. Wood or metal disc& 
carried by endless chain, are adapted to water-tight cylinder, and form with it a aucceaaion ol 
buckets filled with water. Power is applied at upper wheel. 

Fig. 5813. Self-acting weir and scouring aluice. Two leaves turn on pivots below centres; 
upper leaf much larger than lower, and turns in direction of stream, while lower tuma againat it. 
Top edge of lower leaf overlaps bottom edge of upper one, and is forced against it by presaure of 
water. In ordinary states of stream, counteracting pressnrea keep weir vortical and closed, eis in tbe 
left-band flgore, and water flows through notch in upper leaf; bnt on wstur rising above ordinary 
level, pressure above from greater anrface and leverage overcomes resislanoe below, upper leaf turns 
over, poshing back lower, reduoilig obstinctions, and opening at bed a passage to deposit. 

Ul«. SS19. EB1«. B913. Mil. MIL 



Fig. 5814. Hiero's fonntain. Water being poured into npper vessel descends tube on right 
into lower; intermediate vessel being also BUed and more water poured into upper, confined air in 
cavities over water in lower and intermediate vessels, and in oommaoicatioD tube on left, being 
compKssei), drives by its elastic force a jet up central tube. 
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opposite fuda uf lever oi 

Pig. 5616. Flexible watet'infiin. plan ondtectioQ. Twopipeaof ISin. and IS in. interior diuuetet, 
hnTJDg aome of their joiota thiu furmed, conduot water across tlia Clyde to Glaegow Water-workB. 
Pipes are secured to strong loe frames, having hiogea with horizontal pirots. Frames and pipes 

_. . .__..L 'hsideot f"-- -' ' " - -— ■- —' -'—■-- >--■---• ■ 

rhebod." 

Fig. 5S17. French Invention tor obtaining rotar? moticm from different temperatures in two 
bodies of water. Two cistents contKia water : that in left at natuml temperature, and that in right 
higher. In right is a water-wbeel geared with Arebimedeao screw in left. From spiral screw of 



a to wheel ; and its volume increasing with change of 
tempemlore, it is said, keeps the machine in motion. We are not informed how the difibrenoe 
of temperature is to be maiutaiued. 





Fig. 9B18. Steam-hammer. Oflinder flied abote and hammer attached to tower end of pislon- 
lod. Bteam being alternately admitted below piston and allowed to escape, raiaee and lets fall 
the hammer. 

Fig. 5819. Hotohlcisa's atmospbario hammer; derives the force of its blow from compressed 
Mr. Hammer-head C is attacheil to b piston fitted to a cylinder B, which is connected by a rod D 
with a crank A on the rotary driving shaft. As the cylinder ascends, air entering hole e is com- 
pressed below piston and lilts hammer. As cylinder descends, air entering hole e is compressed 
above; and is stored up to prodooe the Uow by its instant expansioa after the crank and connecting 
rod turn bottom centre. 

Tig. 5820. Air-pnmp of simple oonstmctioD. Bmallei tube ioverled in larger one. The 
bttar contains water to npper dotted line, and the pipe from shaft or space to be exhausted passe* 
through it to a few inches above water, terminating with valve opening upward. Upper tube has 
short pipe and upwardly-opening valve at top, and is suspended by ropes &om levers. When 
upper tnbe descends, great part m air within is expelled through upper valve, so that, when aftei^ 
wud raised, rare&ction within causes gas or air to ascend througn the lower valve. This pump 
was BuocessfuUy used for drawing off carbonic acid from a larKe and deep abaft. 

Fig, 5821, Aeolipile, or Hero's steam toy, described by Heio of Alexandria. 130 vean B.C., and 
now regarded as the first ateam-engine. the rotary form of which it may be considered to represent. 
From the lower vessel, or boiler, rise two pipes condncting tte&m to globular vesMl above, and 
forming pivots on which the said vessel Is caused to revolve in the direction of arrows, by the 
eeoape of steam thiongh a number of bent anna. This worki on the same principle as Sarker's 
mUl. 

Fig. 5822. Breu's bilge ejector, for discharging bilge-water from Tessela, or for rsieing and 
farcing water nnder various circumstances. D is a ohunber having attached a suction-pipe B 
and discharge-pipe C, and having a steam-pipe entering at one side, with a nozzle directed toward 
the discharge-pipe. A jet uf steam entering Ihrongh A expels tlie air from D and C, produces a 
vaoQum in B, and causes wuter to rise tbroogh B, and pass through D and C in a regular and eon- 
atant stream. Compressed air may be used as a substitnte fur steam. 

Fig. 5823. Another apparatus operating on the same principle as the foregoiuff. It is termed 
a IVLUsdell's sleom sinhon pump, A is the jet-pipe ; B, B, are two suction-pipes, Having a forked 
connection with the discharge-pipe O. The steam jet-pipe entering at the fork offen no obstacle 
to the upward passage of the water, which moves upwanl in an unbroken current. 
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and its diaphragm rests upon a bridge over the outlet pipe. The presence of steam in the outer 
box so heats the water in valve that the diaphragm expands and raises valve up to the seat a a. 
Water of condensation aocnmulating reduces the temperature of valve ; end as the liquid tu valve 
ooDtTBots, diaphragm allows valve to descend and let water off 

Fig. 5825. Bay's eteam trap, Talva a closes and open* by longitudinal expsnefon and 
oontraotian of waste-pipe A, which terminates in the middle of on atlauied hallow sphere 0. A 
portion of the pipe is firmly secured to a fixed support B. Valve consists of a plunger which works 
m a stufflng box in the sphere, opposite the end of the pipe, and it is pressed toward the end of 
the pipe by a leaded elbow lever D a* for as permitted by a stop-setew b and stop e. When 
pipe is filled with water, its length is so reduced that v&lve remains open : but when filled with 
rteam It is expanded so that valve cinees it, Screw ( serves to adjust Ibe action of valve. 

Fig. 5826. Gasometer. The open-bottomed vessel A is anaoged Id the tank B of water, and 
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uarlljooimteibftlwicadbjwBightBCC. Qaa entera tha gasometer by one and laaTsa it by the other 
of the two pipM inserted through the bottom ot the lnok. Aa gaa enlers, veaael A ri»e<, wid me* 
rtrid. The pi««eure ia regnlKted by adding to or reducing the weights U, C. 




Fig. 5827 AnothBT kind of gasometer. The T«iiel A has permanently wonted within it a 
central tulie a which stidei in a fixed tube b in the oentre of the tank. 

Fig. 5828. Wet gas meter. The stationary case A is filled with water up to abore the centra 
The ioDei revolTing drum ia divided into four compartments B, B, with inlela around the central 
pipe a wliich introducea the gas through one of the hollow juurnuls of the drum. This pipe ia 
turned up to admit the gna aboTe the water, aa indicated by the arrow near the centre of the figure. 
As gas enters the compartments B, B, one after another, it turns the drum in the direction of the 
arrow shown near ita periphery, displacing the water from them. As the chamtwra puas over they 
fill with water again. The cubic contenb of the eomportmeiita being known, and tlie number m 
the revolutions of the drum being registered by dial-work, the quantity of gas passiug through the 
meter is registered. 

Fig. iS'id. Powers's gas regulator for equalizing the supply of gas to all the burners of » 
building or apartment, notwithstonJing variations in the presanre on the maiu, or variations 
produced by taming gEis on or off, to or fium any number of^the burners. The regulator- vulve D, 
of which a separate outeide view is given, is arranged over inlet-pipe E, and connected by a lever if, 
with ao inverted cup U, the lower edges of wliich, as well as Ihooe of valve, dip into channels 
contiiioiDg quiokailver. There is no escape of gns around the cup II, but there are notches b in the 
valve tiO permit the gas to pass ovi^r tiie surface of the quicksilver. As the pressure of gas increosis 
it acts upon tlie inner surface of cup H. which is larger than valve, and the cup is thereby raised, 
causing h depression of the valve into the quicksilTer. and contracting the opeiiiog noti'bes b, and 
diminiahina; the quantity of gas parsing through. As the pressure diminishee, on opposite result 
ia produceiL The outlet to burners is at F. 

Fig. 5830. Dry gas meter. Consists of two bellows-like chambers A, A, which are alternately 
filled with gas and discharged through a valve B, sometldng like the slide-valve of a steam-engine, 
worked b; the <Aamt>ers A, A. The capacity of the chambers being known, and the nmnber of 
timM tliey are filled being registered by diul-work, tliu quantity of gas paaaing through the meter 
is indicated on the d'als. 

Fig. 5831. A spiral wound round a cylinder to convert the motion of the wind, or a stream of 
water, into rotary motion. 

Fig. 5832. Craumon windmill, illustrating the production of oitcular motion by the direct 
action of the wind upun the oblique nila 

Fig. S833. Flan of a vertical windmill. The sails ore so pivoted as to preoent their edgm 
in returning toward the wind, but to present their faces to the action of the wind, the direction of 
whicii is mppoeed to be ss indicated by the arrow. 

Fig. 5H31. Common paddle-wheel for propelling vessels. The revolution of the wheel canaea 
"-B buckets to press backward against the water, and so prodnee the forward movement of the 




Fig. 5635. 8crew-prc»elIeT. The blsdee ore seotiona of a screw-thmd, and their revolotion in 
the water has the same effect as the working of a screw in a nut, producing motion in the direction 
of the axis, and so propellinj' the vessel. 

Fig. 5836. Vertical bucket pa>l die- wheel. The buckets n, a, are pivoted into tlie ame i, b. at 
equaJ distances from tlie shaft. To the pivots are attached cranks c, c, which are pivoted at their 
ends to the arms of a ring d, which is fitted lonsely to a stationary eccentric «. The revolution of 
the arms and bnokets with the shaft causes the ring d also to rotate upon the eccentric, and the 
action of this ring on the cmnks keeps the buckets always upright, so that the; enter the water 
and leave it edgewise without resistance or lift, and while in the water are in the moat effective 
position for propulsion. 

Fie. 5837 Ordinary steering apparatus. Plan view. On the slmfl of the hand-wheel there 
ia a barrel, on which is wound a rope, which passes ronnd the guide-pulleys and bas its 
<^posile ends attached to the tiller, or lever, on top of the rudder; Dy turning the wheel, one 
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end of the rope is vound on and the other let oft, and the tiller is moved in one or the other 
direction, according to the direction in which the wheel is turned. 

Fig. 5838. Capstan. The cable or rope wound on the barrel of the capstan is hauled in 
by turning the capstan on its axis by means of handspikes, or bars inserted into holes in the head, 
liie capstan is prevented from turning back by a pawl attached to its lower part and working in a 
circular ratchet on the base. 

Fig. 5839. Brown and Level's boat-detaching hook. The upright standard is secured to the 
boat, and the tongue, hinged to its upper end, enters an eye in tiie level, which works on a fulcrum 
at the middle of the standard. A similar apparatus is applied at each end of the boat. The 
hooks of the tackles hook into the tongues, wMch are secure until it is desired to detach the boat, 
when a rope attached to the lower end of each lever is pulled in such a direction as to slip the eye 
at the upper end of the lever from off the tongue, which, being then liberated, slips out of the hook 
of the tackle and detaches the boat. 

Fig. 5840. Lewis, for lifting stone in building. It is composed of a central taper pin or 
wedge, with two wedge-like packing pieces arranged one on each side of it. The three pieces are 
inserted together in a hole arilled into the stone, and when the central wedge is hoisted upon it 
wedges the packing pieces out so tightly against the sides of the hole as to enable the stone to be 
Ufted. 
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Fig. 5841. Tongs for lifting stones. The pull on the shackle which connects the two links 
causes the latter so to act on the upper arms of the tongs as to make their points press themselves 
against or into the-stone. .The greater the weight the harderthe tongs bite. 

Fig. 5842. Drawing and twisting in spinniiig cotton, wool, &c. The front drawing-rolls B 
rotate faster than the back ones A, and so produce a draught, and draw out the fibres of the sliver 
or roving passing between them. Boving passes ftrom the front drawing-rolls to throstle, which, by 
its rotation around the bobbin, twists and winds the yarn on the bobbin. 

Fig. 5843. Fan-blower. Tlie casing has circular openings in its sides, through which, by the 
revolution of the shaft and attached fan-blades, air is drawn in at the centre of the casing, to be 
forced out under pressure through the spout. 

Fig. 5844. Siphon pressure gauge. Lower part of bent tube contains mercury. The leg of the 
tube, against which the scale is marked, is open at top, the other leg connected with the steam-boiler 
or other apparatus on which the pressure is to be indicated. The pressure on the mercurv in the one 
leg causes it to be depressed in that and raised in the other, until there is an et^uilibrium esta- 
bluhed between the weight of mercury and pressure of steam in one leg, and the weight of mercurv 
and pressure of atmosphere in the other. This is the most accurate gauge known ; but as high 
pressure requires so long a tube, it has given place to those which are practically accurate enough, 
and of more convenient form. 

Fig. 5845. Aneroid gauge, known as the Bourdon gauge, from the name of its inventor, a 
Frenchman. B is a bent tube closed at its ends, secured at G, the middle of its length, and having 
its ends free. Pressure of steam or other fluid admitted to tube tends to strnighten it more or less, 
according to its intensity. The ends of tube are connected with a toothed sector-piece, gearing with 
a pinion on the spindle of a pointer, which indicates the pressure on a dial. 

Fig. 5846. Pressure gauge now seldom used. Sometimes known as the Madgeburg gauge, 
from uie name of the place where' first manufactured. Face view and section. The fiuid whose 
pressure is to be measured acts upon a circular metal disc A, generally corrugated, and the deflection 
of the disc under the pressure gives motion to a toothed sector e^ which gears with a pinion on 
the spindle of the pointer. 

Fig. 5847. Mercurial barometer. Longer leg of bent tube, against which is marked the scale 
of inches, is dosed at top, and shorter one is open to the atmosphere, or merely covered with some 
porous material. Column of mercury in longer leg, from which the air has been extracted, is held 
up by the pressure of air on the surface of that in the shorter leg, and rises or falls as the pressure 
of the atmosphere varies. The old-fashioned weather-glass is composed of a similar tube attached 
to the back of a dial, and a float inserted into the shorter leg of the tube, and geared by a rack and 
pinion, or cord and pulley, with the spindle of the pointer. 

Fig. 5848. An epicyclic train. Any train of gearing the axes of the wheels of which revolve 
arouna a common centre is properly known by this name. The wheel at one end of such a train, 
if not those at both ends, is always concentric with the revolving frame. G is the frame or train- 
bearing arm. The centre wheel A, concentric with this frame, gears with a pinion F to the same 
axle, with which is secured a wheel £ that gears with a wheel B. If the flrst wheel A be fixed, 
and a motion be given to the fhime G, the train will revolve around the fixed wheel, and the relative 
motion of the frame to the fixed wheel will communicate through the train a rotary motion to B on 
its axis. Or the first wheel as well as the frame may be made to revolve with different velocities, 
with the same result except as to the velocity of rotation of B upon its axis. 

In the epicydic train as thus described, onlv the wheel at one extremity is concentric with the 
revolving frame; but if the wheel E, instead of gearing with B, be made to gear with the wheel D, 
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which, like the wheel A, is concentrio with the tramB, we have an epicjclLo tmio, of which tlio 



witJi the frame. In this train we ma; either 




ta at both 
cate llie driving motion to the arm a 
one extreme whtel, in order to prodi 
ao aggregate rotation of the otlie 
trerae wheel, or motion ma; be givi 
the two extreme wheels A and Doi loe 
train, and the aggregate motion will 
thus be communicated to the arm. 

Fig. 5819. A Ter7 simple form of 
the epicyclic train, in which F, G, ia 
the arm, secured to the central shaft 
A, upon which are loosely fitted the ' u ' * 

beiol-whcels C, D. The arm is formed 

into an axle for the bevt^l-whcel B, which h fitted to tani freely upon It. HotL'>n ma; be giTen to 
the two wheels 0, D, in order to produce aggregate motion of the arm, or else to the arm and one 
of said wheels in order to prodtKe aggregate modon of the other wheel. 

Fir. 5350. Ferguson'! ii eohaaical paradox, designed to show a curiooa propert; of the 
epioydio train. The wheel A ia fixed upoo a slalionarf stud, about which the arm C, D. revolres. 
la this arm are two pins M, N, upon one of which is fltt«U looselj a thick wheel B gearing with A, 
and upon the other are tliree loose wlieels E, F, O, all g«iring with B. Whan tlie arm 0, D, ia 
turned murid on the stud, motion is given lolhe three wheels E, F, O, on their oommonaiis, nomelj, 
th9 pin N: the three forming wi.hUie intermediate wheel Baud the wheel A three distinct epicj- 
olio trains. Suppose A to hare iwenty teeth, F twent;, E twenlj-one, and U nmeteen ; as tlie arm 
£,C, D,is turned round F will appear nut to turn on its axis, aa an; point in its ciroaaference will 
always point in one direction, while E will appear to torn alowl; in one, and Q in the other direo- 
tion. which^au appatent paradox — gave rise to tlie name of the apparatus. 

Fig. S891. Another simple form of the epicjclio train, in which the arm D carries a pinion B, 
which gears Ijoth witii a spur-wheel A and an annular wheel C, both concentric with the axis of 
the arm. flither of tiie wheels A, C, ma; be statiooar;, and the reTolntion of the BJm and pinion 
will give motion to the other wheel. 

Fig. 5852. Anotlier epic;clic train in which neither the first nor last wheel is fixed, m, a, is a 
shall to which is flrml; secured the train-bearing arm t, I, which carriea the two wheels d, e, secnred 
together but rotating upon the arm itaelf. The wheels h and c are nnitad, atid turn together freel; 
upon the shaft m, n : the wheels / nnd g are also secured together, but turn together freel; on the 
shnft m, ft. The wheela c, d, f, nnd f, constitute an epic;clio train, of which c is the first and / the 
last wheel. A shaft A is employed ns a driver, nnd has flrml; secured to it two wheels a and A, 
the first of which gears wilh the wheel b, and thus communicates motion to the first wheel c at 
the epioyclio train, and the wheel h drivee the wheel a, which thus gives motion to the last wheel/. 
Motion communicated this way to the two ends of the train produces an aggregate motion of the 
arm k, I, and shaft m, n. 




xum iraifl ma; be modified ; for instance, anppose the wheels 7 and / to be disunited, g to 
be fixed to the shaft m, n, and / only runnine loose upon it. The driTing shaft A will, as befote, 
communicate motion to the first wheel c of the epic;clic train by means of the wheals a and 4, and 
will also h; A cause the wheel g, the shaft m, n, snd the train-bearing arm *, i, to rcTolve, and the 
aggrei^ate rotation will be given to the loose wheel/. 

Fig. 5853. Another fcrm of epioyolic train, designed for producing a ver; slow motion, m « a 
fixed shaft, upon which is loosel; fitted a long sleeve, to the lower end of wUoh is fixed a wheel 
D, and to the upper end a wheel B, Upon this long sleeve there is fitted a shorter one whidi 
carries at its extremities the wheels A and H. A wheel C geara with both D and A, and a train- 
bearing arm m, a, which revolves freely npon the shaft m, p carries upon a stud at a the united 
wheels F and G If A have ten teeth, C one hundred, D ten, E sixty-one, F forty-nine, G forty-one, 
and H flfty-one, there wiU he 25,000 revolutions of Ihe train-bearing arm m, n, for one of the wheel C, 

MEOUANICAL POWERS Fr., MacAinet rimpfei, PuataiKet mAiimiqmit, Gtt., MaAanueAt 
Potenien ; 6pa«., Fwriat mAoninis. 

The Mechanical Powers are certain standard machine* which enable ns to applv, economieallv, 
large forces to produce small effects, and ajnall forces to produce in time great effects, and whicfi 
are further capable of transferring fowes from their natural point of action, to another point rt 
application. The mechanical powers are the lever, the wheel and axle, the poHe;, the i""''"™ 

Slane, the wedge, the aorew, and the toggle. To these sometimes are added the toothed wheel. 
Tone af theae machines create new power, though several of them store up the succeelive additiona 
of power which snoceasive impolaea give, until the sum total comes to be equal to the demand. 
All of the mechanical power* can be redoced to the two simplest, Ihe lever and the inclined plane ; 
and these derive their chief etSoaoy from the ninivalence which they produce between i»rts of toe 
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forceB which pievent our results, and resistances that we can call into action in ahnost unlimited 
quantity. Thus the lever transfers the excess of the one weight over the other or the sum of the 
weights, to be borne by the fulcrum ; and the inclined plane throws part of the gravitating forces 
upon the board which bears the weight We shall merely enumerate the formula for what is 

W 

called the mechanical advantage in each : that is, the value of - , where W is the weight, or more 

properly resistaace, and P the power applied to overcome it. In the lever, V ^ "°^ ^ .. power ^ 
*^ *^ "^ r- ir ' the ann of the weight 

the arm being distance from fulcrum. In the wheel and axle. *he ^^^^ of the ^heel . 

the radius of the axle 

In the pulley, this varies with the peculiar svstem of pulleys. In the inclined plane, 

the length of the plane »„ x|,_ „^„^ the side of the wedge ,« *k^ ....»»» 

xu V • V* # *v 1 ' "* ^® wedge, -_- _ - .^-- __ — ^ J-. In the screw, 

the height of the plane half the back of the wedge 

the circumference described by the power j^ ^^^ ^^^ ^^^^^^ 
the distance between two contiguous threads 

the number of teeth in tlie wheel of W «^, ., ^ ♦^^..i^ ^^ at o 

rr r ,. .. . — it: r — , » p • *^or the toggle, see p. 618. 

the number of teeth m the wheel of P oo i mt 

See MsoHAinoAL Movements. 

MEBCUBY. Fb., Argent vif, Mercwrt; Gbb., Qukkailver; Ital., Argento mvo} 8pak.. 
Mercwio, 

Mercury is remarkable as being the only metal that is fluid at ordinary temperatures ; its 
atomic weight is 200 ; molecular weight, 200. It is of a silvery white colour, and possesses a striking 
metallic lustre. Native mercury occurs in cavities of the ores, but only in very small quantities ; 
the chief source from which it is obtained is the sulphide of mercury, known as cinnabar, the 
principal mines of which are at Almaden, in Spain, and at Iddria, in Illyria. The metallurgical 
processes differ slightly with the locality as regards the arrangement of the apparatus employed, 
out chemically the sume process is everywhere adopted, namely, that of roaating the ore. The 
heat, in this case, causes the sulphur to pass into the state of a sulphurous anhydride, and the 
mercury is liberated. 

Hg6 + 1} ' = SO, + Hg 

Sulphide Oxygen. Solpbaroos Mercarj. 

of mercury. anoydrlde. 

Mercury may also be obtained from its sulphide by heating the latter with iron. 

Hg9 + Fe = 9eQ + Hg 

Sulphide Iron. Solpbide Mercury, 

of mercury. ofuon. 

The mercury obtained by one of these methods is filtered through chamois skins and enclosed 
in iron bottles. If it be required to obtain the metal pure, it must be acted upon by a quantity of 
nitric acid insufficient to dissolve it, and left for twenty-four hours. At first there is formed nitrate 
of mercury, and the foreign metals afterwards substitute themselves for the mercury of this 
nitrate. At the expiration of twenty-four hours, all these metals have entered into a state of 
solution, and the unattached portion of mercury remains in a state of absolute purity. 

At a temperature of —39° mercury freezes, when it contracts considerably, and becomes 
malleable ; at 662° it boils, and forms a colourless vapour, the specific gravity of which is 6*976. 
In its liquid state its specLKc gravity is 14 '4, and in a solid state 13*59. Pure mercury does not 
adhere to the smooth surfaces of glass or porcelain vessels, but when allied with lead or other metal 
it, on the contnur, adheres, and assumes the form of elongated or tailed drops. When exposed to 
the air mercury becomes oxidized, but slowly ; this oxidation is greatly facilitated by a high tem- 
perature. Ozonised oxygen also readily causes oxidation at a low temperature. Hydrochloric 
acid has no effect upon it ; but nitric acid dissolves it rapidly. When cold, and with an excess of 
metal, minimmn nitrate of mercury is formed, and when neated with an excess of acid, maximum 
nitrate is produced. Boiling sulphuric acid dissolves mercury with a liberation of sulphurous 
anhydride ; the sulphate resulting from the operation is either maximum or minimum, according as 
the metal or the acid predominates. 

When exposed to the influence of the air and of acids, the alkaline chlorides cause mercunr to 
pass into the state of a chloride. This reaction explains the absorption of the metal by the skin. 
Chlorine, bromine, and iodine combine directly with mercury, and tne same may be said of sulphur. 
The absorbable mercurial compounds act as poison on the animal system, and those whose occupa- 
tions expose them to the influence of these compounds are often attacked by a malady known at 
mercurial palsy. 

Mercury, like copper, is diatomic, and its atoms, also like those of copper, possess the property of 
combining together while losing a portion only of their canity of satunition. Hence it follows that 
not only the atom Hg, but the group Hg, acts as a diatomic radical, and is capable of entering into 
combination with the various radicals. The compounds in which the atom Hg enters are called 




Hg Fl, ; the protoxide, Hg O ; and the protosulphide, Hg S : to which must be added the maximum 
salts resulting from the substitution of the diatomic atom Hg for the basic hydrogen of the acids. 
The following are the principal minimum compounds ; — ^The protochloride of mercury. Hi?, Gl«, 
the protobromide, Hg, Br, ; the protoiodide, Hg, I, ,* the suboxide, Hg, O ; the subsulphide, Hg^ B ; 
and the minimum salts resulting from the substitution of the diatomic radical Hg, for the typical 
hydrogen of the acids.- 
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{ci 
Qt . — The bichloride of merctury has i«eeived the name of oonoave sub- 
limate ; it may be obtained by acting upon mercury with chlorine, or by distilling a oompound ol 
marine salt and maximum sulphate of mercury. 

1- Hg + «} = Hgg 

Mervoiy. Chlorine. Mercuric 

chloride. 

Mercuric Chloride Sulphate Oorroaive 

sulphate. of sodium. of sodium. sublimate. 

As the mercuric sulphate nearly always contains a small quantity of mercurous sulphate 
which would give protochloride. Hg, Gl„ by reacting upon the iodic chloride, when the second 
method is employed, it is usual to add a little biozide of manganese to the compound. Oncoming 
in contact with the chloride of sodium, and the excess of acid that the mercuric sulphate always 
contains, this bioxide causes a slight evolution of chlorine, which converts the small quantity of 
protochloride into bichloride. 

Hg,Cl, + ^}} = 2Hg(31, 

Protochloride Ciilorine. Bichloride 

of mercury. of mercury. 

Dichloride of mercury dissolves more readily in boiling than in cold water. Alcohol disBolves 
it better than water, and ether better than alcohol ; its sdcoholic solution leaves it, by evaporation, 
crystallized in right prisms with a rhomboidal base ; by sublimation it crystallizes m rectangular 
octahedrons. Its specific gravity is 6*5; as a vapour its gravity is 9 '42. It fuses at~about 509°, 
and boils at 570''. 

&y acting upon a solution of sublimate with a reducing substance, such as the protochloride of 
tin, we obtain a white precipitate of protochloride of mercury ; and if the compound be boiled the 
protochloride is reduced to the state of metallic mercury. If a solution of sublimate is pcmred into 
ammonia, a white precipitate is thrown down, which has received the name of chloro-amide of 

Hgl 
mercury; and which is represented by the formula Hg| N,, 01^. If, on the contrary, ammonia is 

poured into the solution of sublimate, a white substance is thrown down represented by the 
formula (Hg Gl,)", Hg H^ N, ; this latter substance may be regarded as a combination of bichloride 
and amide of mercury. Albumen gives with the sublimate an insoluble precipitate, the composi- 
tion of which is imperfectly known, and which seems to vary with age. The sublimate has a 
strong tendency to form double chlorides with the alkaline chlorides. The formula of these salts ia 

S&^(S'))- 

The sublimate is a violent poison, and the best antidote is a glass or two of albuminous water, 
followed by an emetic. The albumen, by rendering the Eublimate insoluble, prevents it from 
being absorbed before the emetic has had time to take effect. The action of corrosive sublimate 
upon albumen renders it useful in preserving animal matters. It is one of the compounds 
which serve as a base to the mercurial pliarmaceutical preparations. 

(Br 
n . — ^This substance is prepared by the same methods as the chloride, 

and it possesses similar properties. 

Biiodide of Mercury^ Hg | j. — ^The biiodide may be obtained either directly or by double decom- 
position. To obtain it directly, 200 parts of mercury are pounded in a mortar with 254 parts of 
iodine to render the operation easier, a little alcohol is added, and the poundins: is continued until 
the mass assumes a beautiful red colour, and no globule of metallic mercury is visible under the 
magnifying class. To obtain it by double decomposition, a watery solution of 318 parts of potassio 
iodide is added to a watery solution of 271 parts of corrosive sublimate, when a beautiful orange 
red precipitate of biiodide of mercury is thrown down. 

H.8}} V 2(f}) = 2g}) + Hgg 

Bichloride Iodide Chloride Mercuric 

of mercury. of potassium. of potassium. iodide. 

If an excess of either reagent were employed in the place of the atomic proportions given above, 
the precipitate would be redissolved. 

When biiodide of mercury is dissolved in a boiling solution of iodide of potassium, a portion of 
this iodide is deposited in crystals by the cooling of the liquor ; the crystals so obtained are red. 
Biiodide of mercury is sufiiciently volatile to be sublimed ; in this case it is deposited in yellow 
crystals, which become red when pulverized, and during this lattir transformation, heat is evolved. 
The yellow crystals of biiodide of mercury belong to the fourth ciystalline system, whilst the red 
crystals belong to the second ; this salt is, therefore, a dimorphous substance. The biiodide com- 
bines with the alkaline iodides ; the double iodides which it forms are represented by the formula 

Protosulphide of Mercury, Hg S. — This substance may be prepared by heating sulphur and 
mercury together, or by precipitating a maximum salt of mercury by sidphuretted hydrogen. 
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HkIcI + H}a = 2(H}) + HgS 

Bichloride Sulphnreiied Hydrochloric Sulphide 

ofmercary. hydrogen. acid. ofmercary 

In the latter case, the sulphide of meroary constitutes a black mass. This mass, when dried 
and heated in balloons with an open neck, becomes volatilized, and is sublimed upon the cold 
portions of the balloons in crystals of a violet-red colour. These crystals are identical with those 
found in nature, and known by the name of cinnabar. The sulphide of mercury is therefore 
dimorphous like the iodide. It becomes volatilized at a high temperature without being <1ecom- 
posed if protected £rom4be air ; but in a current of air, it ia couverted into mercury and sulphurous 
anhydride. 

HgS + ^} = Se, + Hg 

Sulphide Ozjgen. Sulphurous Mercury, 

of mercuiy. anhydride. 

The specific gravity of natural cinnabar ia 8*1 ; but that of the artificial substance may be as 
low as 7*65. There exists a variety of mercuric sulphide that is of a much purer red than 
cinnabar. This variety, known as vermilion, is prepared by triturating for several hours a 
compound consisting of 800 parts of mercury, 114 of sulphur, 400 of water, and 75 of potassa. The 
mass thus formed is black, but after it has been exposed for some time to a temperature of 122^, it 
asiumes a beautiful red colour. The vermilion nue, which makes it valuable as a pigment, is 
attributed to the infiuence of the alkaline sulphide formed in the reaction. 

Protoxide of Mercury. — ^There are two varieties of protoxide, as there are two of sulphide and 
iodide ; one of these varieties is yellow, the other red. Protoxide of mercury, in its yellow variety, 
is obtained by precipitating a salt of mezcoiy by a Bcdable base. 

Hk{8i + 2(|}e) = 2(K}) + Hge + =}e 

Chloride IN>taflU. Chloride of Protoxide of Water, 

of mercuiy. potusftlnni. potanium. 

The precipitate thus obtained ia anhydrous ; it has merely to be collected upon a filter and 
washed and dried. The red oxide is prepared either b^ heating mercury while exposed to the air, 
or by slightlv calcining nitrate of mercury. The oxide obtained from the maximum nitrate is 
redder than that obtained from the minimum nitrate. The process of heating mercury in contact 
with the air is no longer resorted to. We owe to it the name of precipitate per ae^ which the bioxide 
stUl bears in pharmacy. Oxide of mercury is decomposed at 752°, so that between the temperature 
at which the metal becomes oxidized and that at which it is reduced, there is a difference of hardly 
more than 122°. One part of this oxide appears to dissolve in from 20 to 30 parts of water; tiie 
solution does not act upon litmus, but if marine salt be added, chloride of mercury and hydrate of 
sodium are formed, and the alkaline reaction manifests itself with intensity. A blue light appears 
to reduce the bioxide of mercury, but a white light does not affect it. The yellow oxide, if allowed 
to remain in a flask with ammonia, combines with the elements of this substance without changing 
colour. The product thus formed is a powerful base which combines with the acids withe ut under- 
going decomposition, and form well- defined salts. These salts have been named ammonio-mercurio 
salts. The base corresponds to the formula (HgO)'N, HgH^ + 3H, O. Supposing the water 
which it contains to be water of crystaUiz&tion, we may represent the ammonio-mercuric oxide by 

Hg I 
(HgeH) 
the following formula j-K^g O H) > N, + 3 aq. This would be a double-condensed ammonia in 

(HgeH)[ 

which diatomic Hg held the place of H,, and in which three times the monatomio residue 

e 

(HgOH) was subeUtuted for 3H. _ ^ \ \^ = (HgOH). 




{ON ^ 
O N S*'"-"^^®^ mercury is dissolved In an excess of 

boiling nitric acid and the concentrated solution left to evaporate spontaneously in vacuo, crystals 

of basic nitrate of mercury are formed, and the liquor holds in solution uncrystallizable neutral 

nitrate of mercury ; water throws down another basic nitrate from this solution. 

SOI 
Svlphate of Mercury ^^*\^^ — This salt is prepared by acting upon metallic mercury with an 

excess of boiling sulphuric acid. The salt is deposited under the form of a crystalline powder or in 
little needle-like forms. Water decomposes it and forms a basic salt known as turpeth mineral. 
If this latter substance is bdled for a long time in water, it loses the elements of the sulphuric 
anhydride and leaves a residue of bioxide of mercury. The formula for turpeth mineral is 



C 




Hg 

Sl 

Photochloride of Mercury (calomel). — Protochloride of mercury may be obtained by triturating 
the bichloride with mercury, or by distilling the minimum sulphate of mercury with chloride 
of sodium. 




2. 
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1- HffOL + Hg = ^, ^ 

Biodorlae Mercury. Prolodilorlde 

of mercury. of mercury. 

^h:}«. + 2 (of}) = n!;)®' + Hg.ci. 

Minimum sulphate Gbloride Sulphate Mercurous 

of mercury. of sodium. ofaoda. chloride. 

This salt may also be prepared hj preoipitating a miuimum soluble salt of mercury by hydro- 
chloric acid, or oy a chloride in solution in water. 

Hg.{SNl: + 2(01}) - ^«'^ + ^^^^' 

MercurouB Hydrochloric Mercoroua Nitric add. 

nitratei add. chloride. 

The ohloride thrown down is known in pharmacy as white precipitate, and is the most active. 
That prepared by the other two processes is termed calomel. If distilled, and its vapour received 
in an apparatus full of air, this nuid intervenes between the molecules at the moment of solidifica- 
tion, and a powder is thrown down known as steam calomel, because steam was formerly employed 
in this operation instead of air. Oalomel thus prepu^ is weaker in its action than the white pre- 
cipitate, but stronger than that obtained by subliming the protochloride under the form of solid 
masses and afterwards pulverizing it. 

Mercurous chloride crystallizes by sublimation in urisms of the second order. The protochlorlSe 
is white ; when exposed to the light, it is decomposea into mercury and sublimate. 

Hg,01, = HgCl, + Hg 

Protocliloride Corrosive Mercury, 

of mercury. sublimate. 

A similar decomposition appears to take place wlien it is vaporized. Calomel is, indeed, one 
of those substances whose vaporous density seems to form an exception to Amp^re*s law, this 
density being only half what it ought to be. This anomaly is explained, as in the case of ohloride 
of ammonia, by admitting the occurrence of dissociation. Oalomel is insoluble in water, alcohol, 
and ether. Nitric and hydrochloric acid attack it With the former of these acids, it is converted 
into a compound of bichloride and nitrate ; with the latter it is converted wholly into bichloride. 
Wlien heated with the alkaline chlorides, calomel Ib transformed into corrosive sublimate. This 
action may take place at about 100°, if organic matters intervene, especially in the presence of 
acids and the oxygen of the air. This fact is of great importance ; for as the stomach always con- 
tains acids, air and organic matters, if alkaline chlorides were administered at the same time as 
oalomel, sublimate would be formed and the patient poisoned. When in contact with ammonia, 
oalomel is converted into a blaok svibstanoe answering the formula 

Hg. 

Hg, N,CU = Hg^N.H^Cl,. 
H4 ) 
ProtcbronUde of Mercury, Hg, Br,. — This salt is prepared in the same manner as the protochlodde, 
and it possesses similar properties. No use whatever is made of it 

Protoiodide of Mercury, Hg, I,.— This substance may be obtained by precipitating mercurous 
nitrate by iodide of potassium. 

Mercurous Iodide of Nitrate of Protoiodide 

nitrate. potassinm. potassa. of mercury. 

But, as the mercurous nitrate is always acid, iodine is liberated during the reaction, and thii 
iodine converts a portion of the protoiodide into biiodide. Consequently, if it be required to obtain 
pure protoiodide, it is better to triturate under alcohol 200 parts of mercury with 127 parts of 
iodine. The protoiodide is of a greenish-yellow colour. When heated suddenlv, it becomes vola- 
tilized without being decomposed ; but when heated slowly, it yields up lialf of its metal and 
passes into the state of biiodide. It is insoluble in water, alcohol, and ether ; when heated with 
the alkaline iodides it gives meroury, while at the same time biiodide is formed, to which a double 
iodide succeeds. The protoiodide of mercury is the mercurial compound that serves as a base to 
most of the pharmaoeuticalpreparations of mercury intended for internal application. 

Subsulphide of Mercury, ^g. S. — ^This very unstable substance is produced when a soluble mer- 
curous salt is precipitated by bydrosulphurio acid. 

Murcorous Hydrosnlpharic Nitric add. Mercurous 

nitrate. add. sulphide. 

But it is almost immediately decomposed into metallic mercury and protosulphide. 

Hg,8 = Hg + Hg& 
Subsulphide Mercipy. Protosulphide 

of mercury. of pnercnry. 

Subsulphide of meroury is black. 

Suboxide of Meroury, Hg,0. — ^This suboxide Is a black powder, and is obtained by precipitating 
minimum nitrate of mercury by potassa. 

Hg.{|^|' + 2(ge) = 2f|'}o) + i}e + Hg,a 

Minimum nitrate Potassa. Nitrate of Water. Suboxide 

of merquy. potassa. of mercury. 
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It is as wuitable as the sabBolphide, and is decomposed in the same maimer as the latter, namely, 
into mercury and protoxide. 

Hg,e = HgO + Hg 

Suboxide Protoxide Mercaiy. 

of mercQiy. of mercuiy. 

Mercunus NiiraUf^ Hir } ^'* — '^^ sabstanoe is prepared by dissolving mercury in an excess 

of dilate nitric acid. In a Uttle time, beautlfal crystals are deposited, the form of which is derived 
f^m an oblique rhomboidal prism. This salt dissolves in a very small quantity of water ; if the 
water is in excess, a basic salt is thrown down, and a portion of the neutral salt remains dissolved 
by the nitric acid which has been liberated. When cold dilute nitric acid is allowed to stand with 
a great excess of mercury, a condensed salt is formed existing as large colourless crystals ; the 

ONO, 

formula of this salt 



Hg./ 



Minimum Sulphate of Mercwry, -a^t^f — ^This salt is used only in the preparation of calomel. 

It is obtained b^ converting 8 parts of mercury into miiTiimim sulphate, and afterwards trituraling 
it with a quantity of metal equal to that already employed. 

Anaiytic Beactions of the Jiercunal Salts, — ^lliese salts are distinguished in analyses by the 
foUowiuK characteristics ; — 

1. They give with hydrosulphuric acid a black precipitate insoluble in sulphide of ammonium 
and in boiling nitric acid. 

2. A piece of copper determines a deposit of mercury, with which it amalgamates and assumes 
a white colour. Its original colour may be restored by heating it to vaporize the mercury. If 
the operation be performed so as to condense the vapours, liquid mercury may be obtained. 

The following characteristics distinguish the maximum from the minimum salts of mercurv ; — 

1. The caustic alkalies and ammonia produce in a solution of the minimum salts a black 
precipitate of oxide of mercury, which is almost instantaneously decomposed into mercury and 
protoxide of that metaL 

Hg,e = HgO + Hg 

Suboxide Protoxide Mercuiy. 

of mercuiy. of mercury. 

The maximum salts give, on the contrary, with the alkalies, a yellow precipitate of protoxide 
stable at ordinaiy temperatures. 

2. The soluble chlorides and hydrochloric acid determine the formation of a white precipitate 
of protochloride of mercury in the solution of minimum salts, but do not trouble that of the 
maximum salts. 

8. The soluble iodides give with the minimum salts a greenish-yellow precipitate of proto> 
iodide, whilst they produce with the maximum salts an orange-red precipitate, soluble in an excess 
of mercurial salt or alkaline iodide. 

METALLOID. Fb., M^llade ; GxB., Metalloid ; Span., Metaldide, 

8ee MXTALLUBOT. 

METALLUBGT. Fb., M^taUurgie; Obb., MetaUurgie ; Ital., Metallurgia; Span., Metaluraia, 

Metallurgy is the art of working metals, comprehending the whole process of separating them 
from other matters in the ore, sometimes refining and parting them ; in a more limited and usual 
sense, the operation of obtaining them from their ores. 

Classification of the ife<a/<.^imple substances have been placed in a series so that each should 
be electro-positive relatively to the elements that precede, ana electro-negntive relativeW to those 
which follow it. But as this series indicates neitner the analogies nor the differences of properties 
possessed by the substances, it must be regarded as utterly irrational and unsuitable for purposes 
of stud^. Another division of substances is into metalloids and metals, these two classes being then 
subdivided. But the characters which serve to establish this division are far from being sufficient 
The only natural classification would be to separate the simple substances into several families, each 
of which should contain those which have tne same atomic character. Then^in each famihr, the 
substances might be arranged on the prindple of the electrical seriation. Thus the first family 
should include the monatomic substances, nuorine, chlorine, bromine, iodine, hvdrogen, silver, 
lithium, sodium, potassium, rubidium, cesium, and perhaps thallium, the place of which has not 
vet been determined with certaiuty. The former of these substances are efeotro-negative and the 
latter electro-positive. 

We shall confine ourselves, however, to the classification which divides substances into metaUoids 
and metals, adding to the metalloids certain elements hitherto reputed metals, but which, since the 
researches of Marignac, can no longer be separated from silicium. As to the subdivisions, we shall 
found these upon me atomic chu«cteristics of the substances. Yet we shall make a few exceptions 
to this general rule, and in some cases class certain substanoes, not according to their absolute, but 
according to their most common atomic values, or, as some writers on chemistry aptly express it, their 
quantivalence. We shall proceed tiius whenever the absolute atomic value manifests itself only in very 
rare instances, as, for example, in the oases of oxygen, sulphur, selenium, and tellurium, which are by 
nature tetratomic, but which almost always sot as bivalents, and in the case of iodine, which in the 
immense majority of instances acts as monovalent, although it is triatomic. The following Table 
shows the distingmshing features of the metalloids and the metals ;— 
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MVTALLOIDfl. 

1. Several of the metalloids are gaseons. 

2. The metalloidfl do not poBseas the lustre 
called metallic. 

3. The metaUoidfl are bad conductors of heat 
and electricity. 

4. The metalloids have a relatively low 
specific gravity. 

5. The oxides of the metalloidfl^ ob eoMibining 
with water, usually prodnoe acadfl, rarely bases. 

6. The metalloids are always electro-nega- 
tive in the cnupounds which they form on 

with the metals. 



Metaia 
There exists no gaseous flaelal. 
The metals possovA lustre called metallic 

The metels are good conductors of heat and 
eleotrittty. 

The metals have a relatively high specific 
gravity. 

The oxides of the metals, on combining with 
water, produce bases, rarely acids. 

The metals are always electro-positive in the 
compounds which they form on uniting with the 
metalloids. 

Subdivision of the MetaUoida. — We shall divide the metalloids into five natural fiamilies ; our 
classifioation is that of Dumas, slightly modified. 

First Family. — ^This includes the monatomic metalloids, namely, chlorine, bromine, iodine, 
fiuorine, and hydrogen. 

Second Family. — This includes the diatomic metalloids, which are— oxygen, sulphur, selenium, 
and tellurium. 

Third Family. — ^There is as yet only one metalloid in this family, namely, boron, which is 
triatomic. 

Fourth Family. — ^Under this head we place the tetratomio metaUoids, namely, silidum, zirco- 
nium, titanium, tm, and thorium. 

Fifth Family. — This includes the pentatomic metalloids, which are — nitrogen, phosphorus, 
arsenic, antimony, bismuth, uranium, tantalum, and niobium. 

Metals. — The number of metals which are regarded as useful is verv limited. But as many 
which are of no direct practical use enter into combination with those which are generally useful^ 
it is necessary to allude to some of the former, altiiough their interest arises solely from their com- 
bination with others. In entering on this part of our work we are under the necessity of classifying 
the metals in some such manner as shall be useful to the smelter. The most rational classifioation 
appears to be founded upon the relation of metals to oxygen, supposing that Uie reduction of oxides 
is effected by means of carbon. The number of elements which form minerals is sixty-two, all of 
which hove more or less influence in metallurgical operations. About fifty of these elements are 
considered metals by chemists, of which nearly half the number are found in such large quantities 
as to be of importance to tiie smelter. A large number of metals form slags, as oxides or oilier com- 
pounds, and are hardly known in their pure condition ; still these are of high interest, not only 
because they form slags, but because these slags invariably impart a peculiar quality to the metal 
which is smelted under their infiuenoe. We may therefore divide the useful metals into two 
groups, the one which forms chiefiy slags, and the other chiefiy metals. To the first division belong, 
potassium, sodium, calcium, magnesium, manganese, aluminum, selenium, titanium, tellurium, 
arsenic, and chromium. The second group will then consist of zinc, cadmium, iron, nickel^ cobalt, 
antimony, lead, bismuth, copper, mercury, silver, platinum, and the platinum metals, and gold. 

Inst^ui of describing the general qualities of metals, which we assume to be known by our 
readers, we insert the foUowing Table, which furnishes all the information of this kind which is here 
required ; — 
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All the metals, with few exceptions, are remarkable for a high and peonliar lustre ; they oonduct 
heat and electricity better than any other sabetanoe. They are considered as opaque, but this can 
be no absolute property, for all metals are porous, and consequently must transmit light when in a 
body sufficiently thin. The affinity of metals for oxygen is remarkably strong ; but under certain 
conditions, the oxygen is removed by chlorine, sulphur, and other substances. The compounds 
which are of interest to the metallurgist, are the oxides, carburets, sulphurets, phosphurets, chlorides, 
arseniurets, silicides, but the salts of the metallic oxides are of the most interest, such as silicates, 
carbonates, phosphates, chlorides. 

Affinity for Oxygen. — Metals are, generally speaking, combustible. They generate heat under 
the same laws as carbon and hydrogen. It makes no ^fferenoe in the quantity of heat generated, 
whether we bum zinc with a pound of oxygen, or carbon with the same weight of oxygen. But, while 
potassium bums on water, gold roust be combined with chloriDO before it can be oxidized, that is, 
its afioUy is so feeble, or its body so compact, that it must be dissolved, or divided, into the most . 
minute atoms befioro it can be combined with oxygen. The metals never combine with any oxidized 
substance, and least of all wWi Uma own cixides, however determined their affinity far oxygen may 
be. To this rule the exceptions are very few. This is one of flie noit iaqMnitenfc m&amatiam of 
metals ; and it is the best auxiliary to the smelter. This want of affinity for other substances is the 
reason why fluid metals appear with a convex surface. The same property is strikingly shown in 
the refining of precious metals on the cupel ; it is the cause of fibres in wrought iron. The form 
under which metals most readily oxidize is of high interest ; but as it depends upon many circum- 
stances besides affinity, we will point out the means by which they are deprive<i of oxygen, from 
which the reverse may be deduced. Metals which are deprived of their oxygen by the mere appli- 
cation of heat, are, mercury, silver, gold, platinum, pallaaium, rhodium, iridium, and ftwninm ; for 
this reason these are termed precious metals. 

Those metals which retain their oxygen at high temperatnres, and in fact cannot be reduced by 
heat only, we shall proceed to enumerate. Of the number, the alkaline metals, potassium, sodium, 
calcium, and magnesium, decompose water at any temperature and retain their oxygen at any heat, 
while their oxides form alkalies in all cases. 

Aluminum and similar metals retain their oxygen, but do not decompose water except at high 
heats, and form either alkalies or acids. 

Nickel, cobalt, iron, tin, cadmium, zinc, and maneanese, decompose water at a red heat, and 
their oxides form either alkalies or acids, according to the matter present, or their state of oxidation. 

Lead, copper, titanium, bisrouth, uranium, and tellurium do not form acids at high heats, and do 
not decompose water at any heat ; neither does antimony, chromium, or arsenic, but when oxidized, 
theyform mvariably acids at melting heats. 

The combinations of oxygen and metal take place in certain definite proportions, and, so far as 
relates to most of the metals, in various definite quantities. There is only one oxide of aluminum, 
but there are three of iron, which interest us. The protoxide of iron is a strong alkali, the magnetic 
oxide a feeble alkali, and the peroxide is more of an acid than on alkali. Peroxide and protoxide of 
iron, both infusible by themselves, form a fusible slag, or glass. Arsenic forms in all stages of 
oxidation an acid, which never melts together with anotner acid, or a highly-oxidized met^. The 
electro positive or negative character of an oxide is, however, no condition required for its fusibility; 
for litharge and lime, both strong alkalies, melt together and form slag. But it is always a 
requisite condition that one of the constituents must be fusible, in which Uie other is merely sus- 
pended. This chemical relation is by no means limited, that is, one and the same substance is not 
always, nor in all relations, of the same character. The oxides of iron are always alkalies with 
silex, but they are acids in relation to oxide of lead. Alumina is an alkali in the presence of silex, 
but an acid when in contact with the alkalies proper. The study of the metallurgist must be 
directed to these chemical relations, and chiefiy tdso to the degree of fusibility of these compounds, 
and the relation which they bear to the metal to be produced under their infiuence. As a rule, we 
may state tliat the compounds of single equivalents of metals and oxygen always constitute a Mse, 
or alkali, and that any more oxygen destroys that property. 

Hydrated Oxides, — The oxides also combine in certain proportions with water, and form definite 
compounds, called hydrates. These combinations are not only of interest so far as they form the 
most porous and best kinds of ore, but the tenacity with which water adheres to some of the 
hydrates is remarkable. Potash, clay, and silex retain their water at an almost red heat, and the 
first may be actually melted without losing all its water. 

The degree of affinity of oxygen for metal is the strongest, and is most difficult to destroy at a 
medium state of oxidation between the highest and lowest. Protoxide of tin is easily converted 
into metal, so is peroxide, but the sesquioxide, a combination between, or of^ the two, cannot well 
be reduced to metal without evaporating the largest part of the metal. In practical operations we 
always endeavour to smelt the highest oxides, and convert the ores into them, in case they are not 
naturally in that state. The reasons for this are, that in reviving metals from their ores, it is not 
only the object to remove the oxygen from the metal, but also to produce so high a heat as to melt 
the metal at the precise moment when the oxygen is removed. If only little oxygen is combined 
with the metal, it is evident that but little heat is produced ; the metal may be in the proper form, 
but it cannot accumulate into a body, and the least amount of oxygen will oxidize it again. If the 
quantity of oxygen is large, a proportionate amount of carbon will be consumed* and the heat «ill 
be higher than when tliere is less oxysen with the same amount of metal ; tlie metal will now melt, 
agglutinate, and in that form resist the infiuence of oxygen successfully. This law is apparent in 
most cases when smelting is done on a laree scale, but particularly so in smelting refractory metals, 
— such as iron, manganese, chromium, and others. Lead may be smelted in either form, because 
the metal is very ftisible, but less lead is evaporated in smelting minium than litharge, or galena. 

Affinity for Chhrtne. — Chlorine has a peculiar tendency to induce metals to crystallize; it causes 
fluidity and brittleness The affinity of chlorine for metal surpasses that of oxygen, and drives 
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out the latter in all InBiancee. It cannot be remOred by carbon, but it Bometimes may be by 
hydrogen, as in the case of gold, silver, copper, lead, and mercury. The energetic connection 
between chlorine and metals wotdd be an impediment to working ore, in which evt-n a small 
amount of it was present ; but all chlorides are extremely volatile and easily driven off. Still there 
is always an indication of the presence of chlorine in those metals which have been smelted from 
ores containing it. Chlorine removes all other matter from metals, when the latter are in a state 
of fusion ; carbon, sulphur, phosphorus, and other volatile matter is driven off by it, and, if the heat 
is continued, the chlorine itself escapes at last with a portion of the metal. This is the case when 
only a minute amount of it is present It is therefore one of the most jiowerful means of 
purifying metals. Lead smelted from chlorides, or only from a mixture of chlorides and other ore, 
IS always purer than tliat from oxides or sulphurets. The prc^r application of chlorides has a 
most beneficial influence on smelting and refining operations. Zinc does not combine very readily 
with iron, but if some chlorine is in it when meltea, the operation is performed with the greatest 
ease. Chlorine has a remarkable tendency to combine with metals, and is particularlv distin- 
guished for removing oxygen from the peroxides; it therefore purifies the surfaces of melted 
metal, and causes those in an alloy to unite closely. This Ib not only the case with different 
metals, but also with any one in which there is chlorine. 

Chlorine is not decomposed by any heat, or other means ; it is therefore always present in its 
pure and proper form, and we may depend upon removing it finally bv the continuation of heat 
onlv. AU metals which' have been smelted under the infiuence of chlorine are remarkably 
inclined to oxidize so long as it is not entirely removed. It is a harmless substance to the metals ; 
and, as it is a powerful means of fiuxing ore and slags, and causing metal to be fluid, its use ought 
to be more extended than it is at present So long as volatile substances are combined with a 
metal, very little or no chlorine escapes ; but after sulphur, phosphorus, and similar matter is 
driven off by it, chlorine itself escapes — first with arsenic, then tin, antimony, mercury, zinc, and 
iron. We may therefore regulate tiie refining of metals under the infiuence of chlorine, according 
to the volatile clumicter of the substance to be removed ; observing due regard to the degree of 
affinity between chlorine and that substance. Some chlorides escape in their proper form, such as 
those of arsenic, tin, and antimony ; others are decomposed so soon as they are liberated and 
atmospheric air or steam has access, as chloride of iron, aluminum, and silex, which are converted 
into oxides and hydrochloric acid. All evaporated chlorides may be recovered by condensation ; 
they are precipitated at a temperature a little higher than that at which steam condenses. 

Iodides, bromides, and fiuorides, are similar in operation to chlorides ; but as they are not 
so plentifully met with as the latter they are of little interest to the smelter. 

Sulphurets. — All metals combine more or less vividly with sulphur, which combination is, in 
all cases, destroyed by oxygen or chlorine, with the assistance of heat. Sulphurets are formed 
when sulphur is brought in contact with hot metal, provided no oxygen or chlorine is present 
Wlien oxides are heated with sulphur which so far predominates as to absorb all the oxygen in 
forming sulphurous acid, the remaining sulphur wlU combine with the metal. When sulphates 
are heated in the presence of carbon or hydrogen, the oxygen of the sulphuric acid is abstracted, 
and sulphurets remain. Sulphuretted hydrogen, when conducted over oxides, or over red-hot 
metal, forms sulphurets. A hot, or fiuid metal, which contains only a small amount of chlorine, 
does not absorb sulphur. The chemical relation of sulphur to metal is similar, in respect to 
quantity, to that of oxygen ; that is, the number and eouivalent composition of the sulphurets 
correspond with the number and eouivalent of the oxiaes of the respective metals, bulphur 
causes metals to be more fiuid, and brittle when cold, and, in most instances, imparts to them a 
pasty condition which impairs their ductility when hot A large quantity of sulphur causes 
a low degree of fusibility in metals, which is shown most distinctly in the sulphurets of antimony, 
lead, copper, and iron. This fusibility decreases more rapidly than the evaporation of sulphur. 
Iron pyrites melt at a Yeirr low red heat ; but when the quantity of sulphur is reduced by evapo- 
ration to half the original quantity, it requires a strong white heat to melt the sulphuret. This 
fusibility of the sulphurets is in many instances judiciously applied in the formation of a fluid slag. 
For the removal of sulphur from metals, the presence of free oxygen or chlorine is required ; it is 
therefore of no avail to melt metal which is adulterated with sulphur, under an alkaline slag, 
because no slag will absorb sulphur from a metal until it lias itself been converted into sulphuric acid. 
Sulphur cannot be removed entirely when carbon, hydrogen, or any reducing agent is present ; it 
requires an oxidizing influence, and a thorough exposure of the metal to oxygen. Sulphurets may 
be reduced by means of metals which show a stronger affinity for sulphur tlian those in combina- 
tion with it. The sulphurets of copper, lead, antimony, and others may be reduced by iron, but 
we never thus obtain pure metals, the newly-formed metal is either adiuterated by the absorbent. 
or by sulphur. Instead of metals themselves we may employ the oxides, particularly the per- 
(Aides, flnely powdered and mixed with carbon. Sulphurets of antimony, silver, and bismuth, 
may be reduced by means of hydrogen, but no other metals. 

Photphureta, — ^Fhosphorus combines readily with most of the metals, and adheres tenaciously 
to them. The combination is readily formed when phosphates— the form in which it is generally 
found in the ores — are heated in the presence of carbon ; and, as the latter is always used in 
smelting operations, we may reasonably expect phosphorus in any metal which is smelted in the 
presence of phoephorio acid, and carbon or hycuogen. Therefore the presenoe of bones, or bone 
ashes, in an ore or in a slag, will cause the metal to contain phosphorus. The best means for 
forming a phosphuret is to heat a phosphate in the presenoe of carbon. Phosphorus is more easily 
oxidized than sulphur, and combines in this condition readUy with alkalies and aUcalinc earths ; 
we may therefore by these means remove phosphorus. It also causes metals to be very fusible, 
more so than any other substance, but disposes them to be brittle when cold. 

Carfrtirtffo.— Carbon has only a feeble affinity for metals, and cannot readily be combined with 
them. But in most cases the metals when reduced from porous oxides in the presence of an excess 
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of carbon, absorb some of it, and condense it in their pores. It is donbtfhl if a chemical com- 
bination is formed ; still there are indications of legitimate compounds nnder certain conditions. 
The best means of fomiing carburets are the carbonates and oxalates heated in the presence of 
carbon. The crude iron obtained fW>m the smelting of sparry iron ore may be considered a real 
carburet of iron. Carbonate of leRd, when reduced by means of carbon, forms also a carburet ; but 
this ia less distinct than that of iron. In consequence of the faint aflSnity of carbon for the mi tals, 
they are generally very brittle when the amount of it is large. But when a small amount only is 
mixed mechanically with metal, as is the case in grey cast iron, its strength is not much 
impaired. Tlie combinations of carbon and metal are more fusible than pore metttls ; and as carbon 
is easily remoyed from metal by oxygen, it is one of the best means to cause metals to be fusible. 

Bee Allots. Atohio Weights. And articles on the yarious metals. 

Books on Metallurgy ; — Phillips (J. A.), * Manual of Metallurgy,' crown 8vo, cloth, 1852. 'Practi- 
cal Treatise on Metallurgy,' from the last German edition of Professor Eerl's * Metallurgy,' by W. 
Grookes and E. Rohrig, 3 vols. 8vo, 1860-70. * Traits Complet de Metallurgie,' par le Dr. J. 
Percy, traduit par MM. Petitgand et Konna, 5 vols, royal, 1864-07. Makin's (G. H.), 'Manual of 
Metallurgy,' crown 8vo, 1873. Oyerman's * Metallurgy,' 8yo, New York. 

METER. Fb., CompUur ; Geb., Messapparat ; Ital,, Misuratore ; Span., Metros, 

Wet Qas Meters, — For many years after the first inyention of gas it was impossible to estimate 
the quantity burnt by the consumer, or passed through any pipe, except by the size and number of 
the burners and length of time of ignition. These points were therefore made the subject of a con- 
tract between the makers and the consimiers, but the -result was unsatisfactory, it being impossible 
to check the latter when they burnt more gas than agreed upon in the contract. In order that 
gas-lighting might become uniyersally adopted in towns, it became necessary that the quantity of 
gas burnt snould be accurately measured. 

Solids and liquids can be handled and seen, bnt gas cannot, and is yery light, therefore it is 
more difficult to- measure; besides, a continuous record is necessary. A small gasholder will 
measure a certain quantity of gas or air with the greatest possible accuracy, but it keeps no record, 
and a>uld not be used without impeding the flow of gas in the passage from the mains to the 
burners. 

In 1815 the first gas meter wfis made by S. Clegg. In his specification of that date he describes 
two different kinds of meter, both worked b^ the light pressure of the gas as it flows from the mains. 
One of these meters was excessiyely complicated in construction, but the other, on a simpler plan, 
is shown in Fig. 5854. A B is a cylinder or drum, reyolying on a hollow axis C, and contained in 
a case D E. The inlet for the gas is through the hollow 
axis G, the outlet being at F. The inlet communicates with '^^ 

two semicircular chambers, by means of two bent tubes E, N. 
The two chambers are separated horn each other by two par- 
titions, in wMch are placed two yalyes O, P, in order to allow a 
free passage of the water from one compartment to the other 
during the reyolution of the cylinder, which acts as follows ; — In 
the position of the drum, as shown in the figure, the gas entering 
through the hollow axis C passes through the bent tube N into 
the compartment with the yaWe P, which closes as the partition 
rises out of the water. The gas in the same compartment under 
the yalye O escapes through the hole S into the case, and passes 
away to the burners through the outlet F. The gas cannot pass 
through the bent tube K, as the small trough above it has taken 
up a little water, and at the same time that the outlet-hole T 
rises aboye the liquid the little trough discharges its water into 
the pipe K, which is thus sealed. As soon as the yalye O enters 
the water the gas in the compartment G is discharged through 
the hole T into the case ; thus one compartment is always filling 
and another always emptying. The quantity of gas required to fill each compartment yaries with 
the size of the drum, and this being correctly determincKi it is easy to record tne number of reyoln- 
tions made by the drum by means of a suitable train of wheelwork attached to the hollow cpindle. 

One defect of this machine was the friction of the stuffing box supporting the hollow axis; 
another that the yalyes O, P. soon got out of order. The sudden sealing of the tubes by the water 
fedling from the small trougns caiued oscillation in the lights; but with all its fiiults this early 
meter places the name of Samuel Olegg among the first who contributed to the adyancement of the 
science of gas-lighting. 

In the year 1824 Sir William Gongreye inyented a meter, in which he registered the flow of gas 
through a pipe or cook where the pressure is uniform, by registering the length of time the tap 
was open. For this purpose he applied to each cock or pipe a small clock moyement, which was 
started by opening the cook, and stopped by shutting it. The dial indicated the number of hours 
the cock was open. This inferential measurement was far superior to the old contract system, bat 
did not proye an accurate measurer of the quantity of gas burnt 

Figs. 5855, 5856, show the interior of John mlam's meter, which consisted, like Glegg's, of a 
dmm reyolying upon an axis in an outer case. The axis, instead of being hollow and working at 
one end through a stuffing box, is mounted, as shown in Fig 5856. The gas entering at A, passes 
through the bent tube A jB, into the measuring drum. This dmm is divided into compartments, 
each haying an inlet space in its inner side and an outlet openinj; on its periphery. The inlet to 
the compartment D E, Fig. 5855, is at G, and the outlet at M The inlet and outlet to the com- 
partment E are respectiyely at L and N, and to the compartment D at F and R. The gas, 
entering by the pipe A B, passes through G into that portion of the compartment D E which is 
aboye the water, and acts like a wedge, pressing agninst D so as to driye ttie drum round in the 
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direction of the arrow. While this is being done the gas in that part of the compartment C D 
whioh is above the water is expelled at the outlet K, and esoapes by the outlet-pipe of the meter. 
The quantity of gas required to force the drum to make a complete revolution being accurately 
ascertained, the number of revolutions is indicated by the usual train of wheelwork and dials, and 
the quantity of gas passing thus registered. 
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Samuel Crodey farther improved Glegg's meter. A front view of the drum of Crosley's meter 
is shown in Fig. 5857, but without the hoUow cover which enclosed this part. Fig. 5858 is a plan 
of the drum, with that part of the body removed which covers one of the compartments ; the hollow 
cover is shown at D D. Fig. 5859 ia a section showine the four interior partitions. The principle 
is the same in this drum as in that of Malam. The drum is divided into compartments, the par- 
titions of which are, however, not at right angles with the front and back plates of the drum, but 
are placed at an angle as represented in Fig. 5859. By this modification the drum in revolving 
outs the water, instead of aUowing the flat sides of the partitions to beat against the liquid. There 
is therefore much less resistance to the drum in its passage through the water ; it revolves with 
greater freedom, and the resistance is at all times equal, which is absolutely necessary, or the lights 
would bum unsteadily. There is also space in the centre of the drum for the free passage of the 
water from one compartment to another. The inlet and outlet spaces were placed by Crosley, the 
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one in front of the dram under the hollow cover, and the other at the back of the dram. These 
have to be so arranged that there is no free passage through the meter without moving it The 
spaces are therefore arranged as in Fig. 5857, in whioh the radial lines D, G, F, G, and oUiers, show 
the position of the slits through which the gas passes to the compartments behind. The slits are 
shown in section at A, B, G, Fig. 5860. The gas is introduced into these four inlet passages to the 
compartments by means of the bent tube or spout E D, Fig. 5860. The water-level must always be 
above the hole in the hollow cover through which the bent tube is passed, otherwise gas would pass 
through the meter without moving it. The dram is now universally in use in wet meters, although 
in other parts of the machine there are many variations in detail, intended principally to regulate 
the height of the water-level, on which the whole accuracy of the instrament depends. The drum 
is difficult to draw and explain in section, as all the plates in it vary much in their planes, and are 
placed diagonally in respect to each other. But the drams are simple in consfaruction, and cut the 
water smoothly. Their sizes are calculated according to the number of lights the finished meters 
are intended to supplv. In the trade the meters are named according to the number of buraers 
they are intended to feed ; thus they are designated five-light meters, or ten-light meters, and so 
on. The lights thus alluded to are always understood to be those produced by burners which each 
pan 6 cub. ft of gas an hour; thus a ten-light meter will supplv ten buraers, each consuming 6 ft. 
of gas an hour, or twenty burners each consuming only 3 cub. ft. an hour. The smaller-sized 
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meters are made to pass the required quantity of gas with' about 150 reyolutions an hour, but the 
larger ones decrease in the number of revolutions as they increase in size. 

The accuracy of registration of the meter depends principally upon the height of the water-line. 
Fig. 5859 shows that when the water-line is higii it passes less gas a revolution, but when it is low 
more gas. The index can only show the number of revolutions of the drum, but not whether the 
drum holds the proper proportions of water and gas. tt therefore becomes a matter of great 
importance to gas manufactorers and consumers that the water in the meter should be kept at the 
proper level. The arrangement adopted by Crosley, also by William Parkinson, and by others, is 
shown in Fi^. 58U1. 

In fact all the more recent modifications in the wet meter include the drum already desoiibed, 
but vary in the plan adopted to keep the water at the true 
level. In Grosley's arrangement, in front of the cylindrical 
case containing the drum is fixed a square box, A B G O, 
Fig. 5861. The gas enters at F, and passes into the square 
frame at the comer A. In this comer of the square frame 
is fixed a valve F, through which the gas passes. Below 
the water-line the^ is an opening ftom this square frame 
into the drum case behind, so that the water finds the same 
level in both. The valve F is worked by a fioat G below 
it This is balanced so that when, by evaporation or other- 
wise, the water-level falls below a given point, the fioat 
shuts the valve and cuts off the gas. Of course, then, the 
lights go out, and more water must be put in the meter. 
The gas fills the upper part of the square frame, then passes 
down the pipe H, and through a bmnoh from it into the 
drmn. Fig. 5860, where the line O P represents the partition 
between the drum case and ihe square frame. 

The plug K, Fig. 5861, opens to allow water to be put in 
the meter, whilst tue plug N opens to draw off any water 
that may rise above H. This diagram shows the connection 
between the drum-shaft and the registering index. On the 
end of the drum-shaft is placed a worm O, working into a 
cog-wheel P, which, by means of a spindle through the tube 
B, turns the index at the top. In a three-light meter the 
measuring dram revolves eight times to a cubic foot ; the 
wheel on the spindle has forty teeth, consequently the latter 
makes one revolution for every 5 ft of gas passed. A worm on the top of the spindle works into 
a wheel of twenty teeth, which consequently revolves once with every 100 cub. ft , on this there is 
a pinion of six working into a wheel of sixty teeth, and tc^ the axle of this wheel is fixed the first 
hand on the dials, which consequentiy makes a complete revolution for every 1000 ft of gas passed 
through the meter. The side plug S is for adjusting the correct water-line of the meter, and when 
the water in the meter is higher than this plug the instrament registers against the consumer, but 
when below it is in his favour. To get the right level the meter should first be filled with water, 
and then the plug 8 opened tUl no more water will run out through it, when the water-line will be 
the irae one. 

The defect of this meter is the power it places in the hands of unprincipled people to tamper 
with it by altering the water-level. This has been done by introducing the short end of a siphon 
into the plug K, and drawing off some of the water. Nevertheless both gas manufacturers and 
Consumers had full power over the plug S, which teUs the tmth of the case, eo the gas companies 
found it necessary to appoint inspectors to go round frequently and examine the btate of the meters. 

In 1853 J. Z. Kay introduced a hvdrauUc valve meter, in which he dispensed with the ordinary 
float and valve already described, and substituted a hydraulic seal. This was placed on the back of 
the meter — which otherwise was of Crosley's construction. When the water had evanorated low 
enough to unseal a pipe at the back, gas was thereby admitted into a chamber in whicn water was 
held in suspension ; accordingly sufficient water would flow out to bring that in the working part 
of the meter to its proper level. 

It flxed the standard cubic foot for gas measurement which previously was a variable bulk. It 
was accordingly settled that a cubic foot of water should equal 62- 821 lbs. of distilled or rain water, 
weighed in air at a temperature of 62^ Fahr., under a barometric pressure of 80 in. 

A clause in the Sale of Gas Act orders that a meter shall be tested for capacitv at ^ the pressure 
whilst passing gas at the rate per hour stated thereon as its proper working speed, ana if such meter 
can be made to vary more than 2 per cent, fast or against the consumer, or more than 8 per cent 
slow, or against the gas company, who consequently have the worst of the bargain, it shall not be 
stamped. The meter shown m Fig. 5861 could only comply with these requirements on two con- 
ditions—namely, flrst, that when the water-level was raised hifi^h enough for the meter to register 
2 per cent fast it should ovoflow the pipe H ; secondly, that if the water evaporated so as to 
register 3 per cent, slow, the float G shoiud fall and close the valve. It was, however, found in 
practice that when the overflow pipe H and the float G was so adjusted, variations in pressure 
caused water very fluently to flow out of the meter through H to tne annoyance of the consumer. 
The valve* F was also liable to be closed. It was found that meters so adjusted worked well in low 
districts where there was little pressure, but badly in high districts with high pressure. 

To meet this difficulty Pinchbeck devised a simple improvement, shown in Figs. 5862, 5868. 
The gas passes through the valve, as in Fig. 5861, but instead of filling the front chamber passes 
into uie pipe A B, through the inner pipe G D into the waste-water box £ F, then through the pipe F 
into the measuring drum. The improvement consists in reversing the action of the float, sc that it 
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is nuMd instead of depmied by an incTeaae of preranre. Wben (be water-leTel in tbs meter 
oscillatcfl tLroDgh Tariation of presaure, very little gets into the waste chamlier, as it has lo pnss 
thiTingh a small hole K at the bottom uf the pipe A B. Tbis mpter fulfils nil the rsqnirementB of 
the Aot, and can be nied in any aitualion and si any pressure. For manv yean meters have been 
conslrneted on this principle, and in luge nnmbers. by W. ParkiOBOD and Co., of London. 

Vet metem, as at preaent sold, msy be divided into 

three classes — the bird fonnfain, the mechnnical aponn, 
and the compensating float. Crostey's btrd-founlain meter 
was the Brat one. In 1858 Esann introduced a bird- 
fonntain meter, shown in Figs. 5864, 9865. A is the front 
chamber, Bud B the waste box. D is the water-reservoir 
or Bupplf-lank. This is supplied with water by means of 
the feed-pipe E, which is kept constantly sealed 1^ the 
water in the sorronoding oloaed pipe F. A sufficient 
opening is left at the top of the pipe F to allow water 
ponied in at E to flow over the edge i^ the pipe F into th 
Bupply-tank D. An sii-pipe Q conneols the front chambe. 
of the meter with the snpplj-tant H is a pipe eooTering 
water when neoessajy from the tant D into the front 
chamber A of the meter, to make np for lo« by evapora- 
tion. The tank D is made air-light, so no water can flow i 
down H until air or gas entera the tank. When the water 
Mis below its proper level, and below the lower mouth of \ 
the pipe Q, gas will find its way np the pipe into the tank 
D, at the same time allowing vater to fall through H to 
r^se the water in the meter to its proper level again, and 
olose the pipe G. The float K is fastened to the valve by a 
bent am, and the gas enters tlie meter and passes thrangh 
the valve and the meter the same as in Fig, 5B61. 

Id 1855 Saunders and Donovan invented a meter, which 
is thus described in their speoiflcation ; — We employ a ' 




float of snch weight In proporUon ta its Tolmn^ or otherwise k> loftdpd and balanced, thrt it is 
capable of remaining stationary or in equilibrium whether a greater or lesser portion of it be im- 
aemd In the llqold. provided the level of Ihe llqnid remain the saroe. If, however, the level l>e 
raised by the addition of a OPrtsin volume of liqatd, the float rises until a oorresponding volome of 
the flcat has emerged from the liooid, and the li-vel of the water b»s fallen lo its proper pu^ 
If, on the other hand, the level be lowered by withdrawing a certain volume of liquid, a rorreepond- 
ing volnme of the float becomes immersed and the level is again rertored. One mode of arranging 
the apparatus conmsta in ramstTacting the float of a setnl-«ylindrioHl or hemispherical form, taraing 
ipon a lioriiontftl axis, monnted at or near the level of the liquid in the meter. It the floftl be 
made of half the weight of an eqna! volume of the liqnid, or thereabonta, or if it be loaded or 
balanced to a corresponding amount, it will produce the deored effect ; for when the float Is in 
its higheA pomtion, with its flat side or diameter horiaratal, it will balance itself on the axia ; when 
the first quarter is inuneraed it will float np the aeoDnd qnarter, while the thiid and Rmrth qnartera 
balance each other on the axis; and when the diameter is Tertleal, one half will be immeraed and 
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will float up the other half. In Fig. 5866, A B G is the oompensaling float working on the axis V 
To thiB float is attached the valve £, which doeea the passage for the gas into the meter when the 
float reaches or approaches its lowest position. The dotted Unes show the position of the float 
when the valve ia dosed. This compensation is very aoonrate in its action. Meters npon this 
principle are manu^nctored by the Qss Meter Company, at their works, London, and elsewnere. 
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Another description of compensating meter Is shown in Fig. 5867. In this there is a waste- 
water chamber of larger size than in other meters, and a spoon is made to rise and fall with the 
rotation of the drum, thus raising each time a small supply of water to take the place of that 
evaporated from the measuring part of the meter. All water thus raised, however, is not required 
for the purpose, and the surplus returns into the waste-water box through an opening at the proper 
level. In f*ig. 5867. A B is the waste-water chamber, and D E the spoon for raismg the liquid 
out of it. The spoon is raised by means of the cam F G connected to the upright spindle working 
between the worm K on the shaft and the index. The lip P in the partition plate is the true 
water-line, and any excess of water in the meter which runs over thie into the waste chamber ABO 
can be drawn off at the plug T. The gas enters the meter, passes into the measuring drum, and 
the index records the quantity consumed as usuaL The water-level is always truly kept, and 
although the additional work given to the meter to perform theoretically adds to the friction, tlie 
effect is so small that it cannot be detected upon the lights or on the most delicate gauge. 

Other methods of compensation have*been suggested, but not largely adopted. 

In all tiie wet meters it will be noticed that the original drum of CrQsley has been retained, 
all the recent modiflcations being limited to the regulation of the water-level. The outer cases of wet 
meters are chiefly made of tin plate, which in some situations corrodes, although there are many 
instances of such meters working well continuously without repairs for twenty years. The liability 
to corrosion has induced many makers to manufacture meters in cast-iron cases. These, owing to 
improved modem methods of casting, can now be made so light that, while the durability of the 
meter is very greatly increased, there is little inconvenience on account of the weight. 

Wet gas meters are sometimes made on a large scale, for the use of the gas companies at the 
works, and are then called station meters. Two station meters manufactured by Parkinson and 
Co., and fixed at the London Gas Works, Nine Elms, had a measuring drum each on Orosley's 

Srindple, which measures at each revolution 1000 cub. ft. of gas. TJie shaft in its centre is 6 in. in 
iameter. The drum is made of the best tin plate, each plate being riveted and soldered, and 
the whole built on a strong framework of cast-iron bosses, wrought-imn hoops, and angle-iron. 
Although the weight of this measuring drum is 3| tons, so delicately is it balanced, and so accu- 
rately made, that a pressure eoual to a column of water -fp in. high will cause it to move. 
Each meter is 16 ft square, and weighs, without the measuring drum and interior work, about 
24 tons. The whole complete and charged with water weighs about 100 tons. At a speed of 
100 revolutions an hour these meters measure about 5,000,000 cub. ft. of gas a day. Tlie inlet and 
outlet connections are 27 in. in diameter. The first hand of the index registers 1000 cub. ft. a 
revolution, and there are dials recording up to 10,000,000. In tho centre of the index a con- 
trivance osUed the tell-tale is fixed; it carries a disc with a circular card attached, which is 
made to rotate by the wheel-work. The minute hand of a dock fibLcd above the card carries a lever 
with a pencil fixed in the lower end, so that as the card revolves the rising and falling pencil makes 
marks upon it. By reference to this card it can always be seen what quantity of gas has been 
passed through the meter in each hour. It is usual at the gas-works to take the position of the 
index of the meter at very short intervals, in order to see that the making of gas is proceeding 
properly ; but if this duty should be neglected a glance at the card would give warning. There is 
also placed in front of the meter an overflow arrangement to prevent too much water from being put 
into it, and two gauges to denote the pressure, so mat the state of the meter can be seen at a glance. 
Certain defects in wet meters, more espedaUy their liability to complete stoppage by frost, led 
to the construction and trial of the dry meter, in which, as its name impliesi waiter is not used, but 
which has its own peculiar merits and faults. 

?• 
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In 1820 John Halam mvented the fLint drj meter. It conauted of di bellom fitted into a oaae, 
each oonunnnlcatme with a hallow BbaSt, the gaa being admitted in Buoceesion into each oompart- 
ment by TalTea. Thii bellows action, governed b; suitable valves, is the principle of all dry 
meters. The quantity ot gas ueceBsluy to move the apperatus, so as to give one oomplete revolntioti 
to the shaft, being accoratelj ascertained, the capacity of the chambera is altered b; a regnlator 
till the ahaEt attached te the index causes the tatter to indicate correctly. 

Malam's first dry meter, and several by other inventors which followed it, did not give satis- 
factory results. Of these, that by Bullivan, though never brought oommercially into use, vaa 
founded on right prinoiplea. He divided the eiterual chamber iDtemally into two eqnal parts, 
which were each again curided by a Suxible diapbiBgm or piston made of oiled silk, Btrength«nod 
and protected at their oentreH by plates of mutaJ. The gna is alternately introduced, by means of 
a sliding valve In'o one aide of the diaphragm or the other. Tho OBCillalory movement of the 
diaphregma works anna connocted with an axis, and the motion is thence communicated to an 
index, tEirough suitable arms, khLi. and a crank wire. The fieiible pistons should be so set in 
respect to each otlier that they shall not arrive at the end of their moTement at the same time, bat 
that aoe sbnll bo In full action at the time that the other comee to the end of the stroke. 

The earliest smnesaful dry meter, and one largely in use at the present day, is that first made 
in 1842 by Dofi-iee and Taylor, working upon the same principles as the respiratory organs of the 
human body, by anbetituting diaphragms of leather for the lungs, and making them register their 
motion. Fig. 5868 is of N. Dotriea' fliHt model of the flexible diaphragms, and represents a tin 
cjlindor, cloeod at the bottomland three radial partitiana of tin, A, B, B, B, dividing the cylinder 
into three great fixed parts. Three Seiible partitions of leather are shown in dilferont positions by 
the dotted lines cnl, wliilst the fixed edges of the diaphragms are shown by the triangle. These 
leather partitions have a bellows movement, and when pressed inwards or oulwarda as for as thty 
will ^ assume the ahape of a pyramid. With the flexible partitions the meter is thus divided 
into six chambers. The gas Is allowed to enter all the difiTerent chambers in turn by a rotary valve 
of ingenious contrivance, so that when the chamber is expanded the gas is cut off &om it, and 
allowed to pass into the chamber on the other Bide of the flexible pottitioa, thus fbrclug the gas 





out of the Ml chamber which has meostued It Into the deliveiy pipe. In thU way all the chambers 
« filled and emptied in rotation, and the motion of the flexible partitions is communicated to the 



meter thus at 



iude^ which thus is made to show the quantity of gas passing. The m 
principal porta — the movable diaphragms, the valve, and the index. 

As this melei is at present made by N. Defries and Co., of London, each leather diaphragm is 
first blocked into the ihKpe of a pyramid, so as to allow of its having free angular motion. Each 
of the fbnr triangular (Uvisions thus made in the leather is covered with tin to protect and 
Btrengthsn it, the only part of the leather loft uncovered being that which is to act the part of a 
hinge, and therefore must be flexible. Fig. S869 shows the diaphra^gm, with Ule triangnlar 
dtvisioQs A, A, A, A. All the dianbtagma oru steeped in oil for forty-eight hours, so as to make 
them }>erfectly flexible and gas-tiglit A knuotle connects the four tria^ular pieces of metal to 
AD oprigbt shaft, which, in its torn, asaiste to move the valve and index. 

The valve, which is rotary, is so constructed that the inlet-pipe passes down tlrnngh its centre 
Into a little chamber below the valve, whence it is permitted to pass through 
the valve into the dilTerent working chambers in turn. This valve, Figi. " ' 




to allow the gas to pass witliout &ing regislcrcd, and, being eaclosed in a 
box, the gas cannot pass into the upper chamber of the meter, so as to 
exercise an injurious action on the gearmg. 

Fig. 5872 is a sectional diagram of the finished meter. The valve and its 
box, it will be aeon, are enclosed in an upper chamber called the gallery. The Index is of the 
nsoal toll-tele character, with decimal motion, and the action of the whole meter iajwgulated by a 
tangent-screw in the glClery, which lessens or increases the play of the movable diaphtagms. 

Another dry meter, now largtly used, la founded apon an arrangimpnt devised by Croll and 
Biohardsin 1814. Figs. 5ST3, 5S74, show its internal paiis. A A A Aiaa rootangnlar case divided 
Into two equal parts by the partition B B. In each of these oompartmenta there is a metal disc C C, 
each of which is coQuected to the central partition by a bellows ring of leather D D. Each side of 
the leather is firmly attached to a ntelal nng, in order that the whole mnj be completely air-tight 



The gM la KdmJtted tltenatelj to the Interior and eztsrior or these diaphiagm*. hj meani of iliile- 
ndve* plaoed io the oonpaTtownt £ E Kbon. A plan of Utia oompArtment !■ uiown iu Fig. 5875, 




petlj tet, the gaa altemately Slls each chambsj, and aa eBoh diao 
reachM it* limila of expansion or oontraotlon tLe valvea reverse 
the Mtion, and ao oontiDOona motiou ia kept np. In thia meter 
the Ifwther haa hardly nsytbiDg to do with the inBRBiireiiient, and 
the capui:ity of each oompartment oau be oalcolaled with gteot 

- ' '"-'''"; toe weaofthediao by the distauoe it haa 

la manufikctoied chieSy by the Qua Meter 

DbMm' metera, they are tested for 




to tiaTeL Thia B 
Company, 

Ijx llw manQfaotiire of tl , , _._. 

Momaoy of niGaaareiiiitnt by meana of naometers. The gaaometi^ra are oooatrtieted to bold a 
certain amount of gaa, Itom 10 ft to 20 ft. of uhlob ia allowed to paea thiotigh each meter and 
.■___ >. — . T. ...g foJBj^ QQ the meter ahowa the paaiMe of eiaetly the amonnt of ga* paased 
ly. If itdoea 



then burnt. If U. ^.__ . „.. . 

" " ■ ; doe* not the regulating tan^t-acrew ia 

aajuauxi uu aoDunicy ui uuuuueu. tt uuu ui{b u» uie ouae the index ia nnuly fixed in ita plaor, 
badgea and labela «» placed on the meter, which la then «ent to tlie GoTemment office to be teated 
and Mrtifleated under the Sales of Qaa Act, after whioh it ie japanned and made ready for tale. 
Every meter before leaving the worka ia tested onder a preoanre of SO in. of gaa, whioh pompa it, 
and joovet tiiat all ita porta are aonud. 

Wattr K<f<n.— When water ia aopplied in large qnantitlea, aa in irrigation worka, it la nanall; 
meaanred b; bein^ peaaod through modulea aimilar to those described in p. 2151. For meaanring 
water in compaistiTelj amaller guantiliea a meter ia neoeasary. 

The reqnuitee of a good hign-preaaore water meter are;— Finit It ahonld regiater with auffl- 
oieol Monraoy for all ptaotical purpceea the quantity of water delivered at all the varioua degreea 
of pnMure and nitea of delivery. 

Bsoond. It ibonld not destroy the onward preaaure of the wal«r. It ahonld be capable of being 
flxed at the entranoe of pruaiiBea, ao that it and all the pipea ontaide akould be nnder the control of 

the water oom^y, and all pipea -'"^- "^ ' '- "- '~' -' "- '^'•~ 

oompany by thia m— 

waate: inaamnoh a ^..^ .__._.. . . , 

of oonueotiona conveoient to himself without doing injuatioe to tne compainy. 

Tbiid. It thould be eompact and adaptable to every aituation. 

Fourth. It ahonld be aiiuple and dniable to the extent, aa a mie, of not requiring lepaira for a 
tenn of four or five years. 

Fifth. It ahould be suffloiently low-priced, ao aa to plsoe'it within the reach of all cloaaca of 
omuomera. 

These reqaiaites are very well obtainrd in the metera invented by Joseph Adamaon aod C. W. 
Siement, mann&etnrod by Guest and Chrimea of Kotherham. 

Fig. 5876 ia a vertical section, and Fig. 5877 ia a perapeetive view, of the meaauring drum of 
Adamaon and Biement' water meter. The water enters the case A at the inlet C, and paaasa 
throngh a grating or wire gauie D. and throng the neck or pipe E into the wheel B. Leakage 
between the pipe E and the wheel B ia greatly dimiuiahed b^ making the apper put uf the whral 
with internal fiangea 6, h, which are not fitted tightly to the pipe K, but are just large enougb to run 
freely round it. Any Unid which paaaea between the drat collar and the pipe K forma eddies 
between the collara, and ia thua previnted fium eafajiing freely. F ia the apindle of the wheel : it 
ia (iimiabed with a amall ttcel Uumble /, which reata on a pivot g fixed in the atud or pillar G, 



I pipea within the premiaee trndcc the coutrol of the oonanmer. The 

.._..„ , .. irepavment for all water aopplied, and the conaumer baa the riakof all 

waate : inaamnoh aa be paya for all tbe wnter (hat cornea into hia premiaea, he can make any number 
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fiz»1 in (be boHoia of the « 



ia ttie outlet for tho 



, „ ^ „ , «it4oea 

not leub the pivot, but merelj foroas the idl np to it. The object of this MrmganeDt U to preTent 
friction between the stud O and tlie oil-chunber, b* keeping the wheel in iti prepei position b^ the 
tblmbla and piTot, white at the same time a smul uteial motioii ia aUowed, to enable the wheel to 
levolTe on its tme axis of gTration. 

The wheel or rsToliing port B ii made with two hollow anas, terminating in jeta d^ if, of a 
conical fonn, or of the form of the contracted vein. The wheel B i« eometimee made in two parts, 
whiohare stiunped to the Teqaired form and eize, and foniiBhed with flangea, which are joined on 
the horizontal line, ^^pon the wheel era placed vanee a, a, which preeent a conaiderable reairt- 
an« tfl ita motion. This reaiataooe tenda to eijiialize the indiaationi of the meter for equal 
is of fluid paned thtou2h at different velocitiea. The wheel, or revolving part of the meter, 
aiui ioa caae are k> arranged uat the wljeel is enbmerged and mriounded b;r tlie fluid which ia 
being meaaored. The apindle F is connected throngh the endleai aorew t and a train of wheels 
and endless screws oonUiiDed in an oil-chamber J to a oonnter. The motion is thus redoced to 
the wheel i, whose spindle i passes throqgh a cnpped leather collar in the top of the case, and 
earriea a pinion i. which drives the wheus tnmmg the painter P; W is a rIbis to protect the 
(lice of the index. These meters are in the first instance adjusted or graduated ezpeiimentally by 
passing a certain qnantitj of water Uirongh them at diflerent velocities. The vanea are more or 
less bent, or portions sze Temored when neoessaiy, The number of revolntioDS performed bj the 
wheel in passing a certain quantity of water being ascertained, the wheels of the oonnter are pro- 
portioned, so that the pointers and dials may indieate gallona. cubic feet, or other nnits of volume. 
Any number of meters may then be made of the same pattern and dimensions, and they will all 
indicate alihe, or nearly so. Kaoh one may be adjusted by varying the vanes or resistance to the 
wheel, or tbey may be tued without adjustment, utd their indications corrected by adding or snb> 
traoting their ascwtained percentage u error. 

HETBIO SYSTEM. 

la used Id France, and 



The metric system comprises six kinds ot measnree, each kind haTing its particular nnit and a 
oertaiu number of multiples and sub-maltiplea of that unit 
The nnits of measure are ; — 
The mtee, for the m 
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Besides these, there are still the square m^tre and the onbio m^tre, which are used to measure 
warfaceB and volnmes in general. 

In each measure the higher denominations are derived from the unit by multiplication by ten, 
or some power of ten ; the lower denominations are obtained by dividing the unit by ten, or some 
power of ten. All the larger measures or multiple measures therefore contain the unit a number 
of times, which is represented by some power of ten ; similarly, all the less or sub-midtiple measures 
are, if the unit of measure be represented by 1, powers of ^. 

Since the number ten is the only one employed to multiply and divide the units of measure the 
system is called a decimal system. 

The multiples are designated by the Greek words ;— IMoa, signifying 10 ; Hecto, 100 ; ELilo, 1000 ; 
Myria, 10,000. 

The sub-multiples by the Latin words, IMoi, which signifies -,^ = 1; Genti, y^ = 0*01; 
Milli, Tift™ = 0001. 

These terms are prefixed to the names of the units, thus ; — 

The decalitre is a measure of 10 litres; the hectogramme is a weight of 100 grammes; the 
kilometre is a measure of 1000 metres ; the decilitre is the tenth pcurt of a litre ; the centigramme 
is the hundredth part of a gramme ; the millimetre is the thousandth part of a m^tre. 

Only the m^tre and gramme have all the multiples ; the other units offer a series of multiples 
and sub-multiples more or less incomplete, as may be seen in the following Table ; — 
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Length. 


Sorfaoe. 


Ckpftdty. 


Solidity. 
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Metre 


Are 


litre 


Stere 


Gramme 


(OHtf) = 1- 


IMca .. .. 
Hecto .. .. 
KUo .. .. 
Myria .. .. 


metre 
metre 
metre 
metre 


• • 

are 

• • 


litre 
litre 
litre 

« • 


stere 

• • 

• • 


gramme 
gramme 
granune 
gramme 


10 
= 100- 
= 1000 
= 10000- 


DM .. .. 
Centi .. .. 
Milli .. .. 


metre 
metre 
metre 


• • 

are 

■ • 


Utre 
litro 
litre 


stere 

• • 

• • 


gramme 
gramme 
gramme 


01 
= 001 
= 0-001 



Meatures of Length, — The metre is the base of the metric system, and the unit of the measures 
of length. 

It is equal to the ten-millionth part of the quarter of the terrestrial meridian ; that is to say, of 
the distance between the equator and the poles. 

The earth being a sphere, all the meridians are circles, the circumference of which is divided 
into 360 equal parts, called degrees. The (quarter of a meridian, or the distance between the poles 
and the equator, is therefore 90°. To asoertam this distance, it has only been necessary to determine 
exactly the length of one or more degrees, and this was done by measuring the part of the meridian 
oompnaed between Dunkerque and Barcelona, passing through Amiens, Paris, and Oarcasonne. 

The metre is divided into ten equal parts, or d^metres ; each of the latter into ten equal parts, 
or centimetres ; and these again into ten equal parts, called millimetres. 

The multiples of the metre are ;— The decametre = 10 metres ; the hectometre = 100 metres ; 
the kilometre = 1000 metres ; the myriametre = 10,000 metres. 

The sub-multiples are ;— The d^imetre = the 10th of a metre ; the eentimetro = 100th of a 
metre ; the millimetre = 1000th of a metre. 

Alter having measured a length, if we find it to contain 4 decimetres and 5 centimetres, we should 
read it, 45 centimetres, and reduce it to the metre thus ; — 0"*'45, or 0'45 metro. If we had to write 
1 d^imetro and 5 millimetres, we should read it 105 millimetees, and reduce it to the metre thus; 
0»'105, or 0- 105 metro. 

If we reduce 4 ddcametres 8 metres 5 centimetres to the metre, we should call it 48 metres 
5 centimetres, and write it 48""* 05, or 48*05 metres. 

This same sum reduced to the d^imetre, woidd be written 480*5 decimetres ; the centimetre, 
4805 centimetres ; and the millimetre, 48,050 millimetres. 

Reduced to the decametre, would be written 4*805 decametres; the hectometre, 0*4805 hecto- 
metres ; and the kilometre, 0*04805 kilometre, or 4805 centimetres. 

'We may reduce in the same manner any measure by a glance at the general Table. Take, for 
example, 4239 kilometres to be reduced into centimetres. We see that the kilometre contains 
100,000 centimetres, it is therefore simply necessary to add five oiphen to the 4239 kilometres, 
which will be read 423,900,000 centimetres. 

Thus, in order to reduce a number of one denomination to any other denomination, it is suf- 
ficient to remove the decimal point to the right or left, as many places as it is required, and give 
the name of the new unity, adding ciphers when it is necessary* 

The facility with which these operations are performed, shows at once the advantages to be 
gained from uniformitv in the method of forming multiples and sub-multiples of the unit This 
advantage is exemplified more fully in the rules known as addition, subtraction, multiplication, 
and division, where the operations m each case are perfectiy simple, no such difficulties as those 
involved in the compound rules of English money, weights, and measures being known in the metric 
system. 

MtoMres of 8urfdoe,^The square metre, which is the prineipal unit of superficial measure, is a 
square of which each side is 1 metre in length. 
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. The wjxiare d^im^tre, the square oentim^re, and the square millimHre, are aquareB tf whioh 
each side is a debim^tre, a oentimetre, and a millimetre in length respectively. 

The sauare m^tre contains 100 sqnare decimetres = 10,000 sqnare centimetres = 1,000,000 
square millimetres. 

The square metre, and its sub-multiples, are employed in measuring small surfaces, as those of 
walls, floorings, sheets of pasteboard, glass, paper, and so on. 

If we had a surface expressed in sauare measure, and represented by a decimal number such 
as 11*247805 square metres, we shoula read it 11 square metres, 24 square decimetres, 78 square 
centimetres, ana 5 square millimetres. 

If we reduce the above numbers to square d^imetres, we should write 1124*7805 square 
d^'metres, which we ^ould read as 1124 square decimetres, 78 square centimetres, and 5 square 
millimetres. 

The ate is the unit of agrarian measures, and are used to measure the area of fields, woods, 
meadows, and of all landed piopertv. 

This measure is the surfiftce of a square of which each side is 1 decametre in length, and 
therefore contains 100 square metres. 

The only multiple of the are is the hectare, which contains 100 ares. 

The only sub-multiple is the oentiare, which is the hundredth part of an are. 

The sides of the hectare, of the are, and of the centiare, decrease by ten, and their surfaces by 
hundred ; these measures are compared thus ; — ^The hectare to the square hectometre containiog 
10,000 square metres ; the are to the square decametre containing 100 square metres ; the oentiare 
to the square metre containing 1 square metre. 

The following numbers expressed in square metres 2479654, reduced to the hectare, would be 
written 247*9654 hectares, and would be read 247 hectares, 96 ares, 54 oentiares. 

Measures of Volume. — The measures of volume are divided into three classes ; — 

The measure of capacity, used to determine the volume of liquids, such as wine, oil, brandv ; 
and of dry divided matter, such as wheat, meal, or barley ; and the unit of this measure is the 
litre. 

The measure of solidity, properly so called, used to measure masonry, the volume of timber, the 
capacity of docks. The cubic metre is the principal unit for this purpose. 

The measure of solidity for firewood, and like material, of which the stere is the unit. 

The litre, which is the unit of the measure of capacitv, is equal to the cubic d^cimetro ; that is 
to say, it contains as much as a hollow cube, of which tne side is a decimetre. The litre is not, 
however, employed in the cubic form. 

Of this measure there are two kinds; — The one which is used to measure liquids is made of 
pewter, and its height is double its diameter. The other, used to measure dry matter, is made 
of wood of cylindrical shape, and the height is equal to the diameter. 

The multiples of the litre are ; — ^The dtelitre = 10 litres, or 10 cubic decimetres ; the hecto- 
litre = 100 litres, or 100 cubic decimetres ; the kilolitre = 1000 litres, or 1000 cubic d^imetres. 

The sub-multiples are ; — ^The d^ilitre, 10th part of the litre, 100 cubic centimetres; the centi- 
litre, 100th part of the litre, 10 cubic centimetres ; the millilitre, 1000th part of the litre, 1 cubic 
centimetre. The millilitre is seldom used. 

The cubic metre, the cubic d^imetre, the cubic centimetre, the cubic millimetre, are cubes of 
which the six square faces are a metre, d^imetre, a centimetre or a millimetre square. 

A cubic metre contains 1000 cubic d^imHres, 1,000,000 cubic centimetres, and 1,000,000,000 
cubic millimetres. It has been shown that the square metre is divided into 100 square decimetres. 

The cubic metre therefore contains c—lOO x 10 = 1000 cubic d^imetres ; 1000 x 1000 = 1,000,000 
oubic centimetres; 1000 x 1000 x 1000 = 1,000,000,000 cubic millimetres. 

Thus in order to express in cubic metres 36 cubic metres 3 cubic decimetres, we write 36*003 
cubic metres. Also, to reduce to the cubic metre, 54 cubic d^imetres and 6 cubic centimetres, we 
must write 0*054006 oubic metre. In the first example the 3 of the cubic decimetre is placed in 
the third rank of the fraction, because the cubic d^imetre is the thousandth part of the £ubic metre. 
In the second example the 6 of the cubic centimetre is placed in the sixth rank of the fraction, 
because the cubic centimetre is the millionth part of a cuoic metre, and there are six ciphers in a 
million. 

3-246 cubic metres would be read, 8 cubic metres 246 cubic d^metres; 029003005 cubic 
metre would be read, 29 cubic decimetres 3 cubic centimetres and 5 cubic millimetres. 

If we reduce to cubic decimetres and cubic centimetres, 3*851 cubic metres, we should write it 
3351 cubic decimetres ; 3351000 cubic centimetres. 

0*0005 cubic metre would be read, 500 cubic centimetres ; 0*00006 cubic metre would be read, 
60 cubic centimetres; 0*0000001 cubic metre would be read, 100 cubic millimetres. 

The stere, the unit of measure for firewood, is equal to the cubic me^ The only multiple of 
the stere is the decastere, which contains 10 stores, or 10 cubic metres. Hie only sub-multiple is the 
debistere, the tenth part of Uie stere = 100 cubic decimetres. The measures most in use are the 
half-decastere, the double-fltere, and the stere. The two first are used for the sake of convenience. 
8 steres 5 dedsteres would read 3 5 steres; 28 steres 7 decisteres, 28 7 steres; 19 deoasteres 
2 decisteres, 190*2 steres. In reducing 48 steres 9 decisteres to deoasteres, write, 4 89 deoasteres. 
and read it, 4 deoasteres 8 stores and 9 decisteres. The same number reduced to deoifiterea would 
be written, 480 decisteres. 

Weig?U3, — The unit of the measures of weight is the grainme. 

The gramme is the weight of a cubic centimetre of distilled water, in its state of marimum 
density at the temperature of 4° Centigrade, or 39^ Fahrenheit, weighed in a vacuum. 

Those precautions have been taken with a view to render the gramme a constant weight 

The multiples of the gramme are ; — ^The decagramme, or 10 grammes = the weight of 10 cubic 
centimetres of water ; the hectogramme, or 100 grammes = the weight of 100 oubio 
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of wftter ; the kilogramme, or 1000 grammeB = the weight of 1000 cnbic centimetres of water. A 
litre of distilled water weighs 1 kuogramme. The myriagramme, or 10,000 grammes = 10 kiloi^ 
nammes, which is the usaal term employed in designating it; the metric quintal, or metric 
hundred-weight = 100 kUogrammes ; the millier, tonneau de mer, or ton of shipping = 1000 kilo* 
grammes, or 1 cubic m^tre of distilled water. The sub-multiples of the gramme are : — ^The d^i- 
gramme, 10th part of a gramme ; the centigramme, 100th part of a gramme ; the milligramme, 
1000th part of a gramme. 

All these weights as actually in use are iron or copper ; but in order to facilitate trade, the 
doubles and the halyes of those weights are used, as } kilogramme, 2 kilogrammes, and so on. 

To express in grammes; — 2 d^igrammes 5 grammes 5 d^igrammes, write 25*5 grammes; 
40 kilogrammes 25 grammes 5 d^igrammes, 40025 '5 grammes ; 10 centigrammes 2 milligrammes, 
0*102 gramme ; 85 kilogrammes 3 hectogrammes 5 milligrammes, 35300*005 grammes. 

8*735 kilogranmies should read 3 kilogrammes 7 hectogrammes and 35 gimmes; 82 84 
granmies, 32 gnunmes and 34 centigrammes; 0*006 gramme, 6 milligrammes. 

If we reduce to decagrammes, nectogrammes, and kilogrammes, 143*2 grammes, we should 
write, 14*32 d^oEigrammes ; 1*432 hectogramme ; 0*1432 kilogramme. 

The same number of grammes reduced to decigrammes, centigrammes, and milligrammes, 
would be ^rritten, 1482 d^grammes ; 14320 centigrammes; 143200 milligrammes. 

Though we generally say 82 grammes, instead of -3 decagrammes and 2 grammes ; 250 
grammes, instead of 2 hectogrammes and 5 decagrammes ; it is well, nevertheless, to bear in mind 
the primitive number, which will give a better conception of its value, 

ia. order to find the weight of any volume of distilled water, it is only necessary to know that 
the litre, the unit of capacity, weighs one kilogranmie, and we can at once see the connection 
between the measures of volume and weight, in the multiples and sub-multiples. 

Thus 1 litre equals in weight 1 kilogramme ; 10, 10 kilogrammes ; 100, 100 kilogrammes ; 
1000, 1000 kilogrammes; 1 decilitre, 1 hectogramme; 1 oentUitre, 1 decagramme; 1 miUilitre, 
1 gramme. 

We can obtain as easily the weight of all bodies, whether liquid or solid, when we know their 
specific gravity or weight By specific gravity, we mean the weight of any body, liquid or solid, 
of any given volume, as oompared with the same volume of distilled water at 4° Centigrade. 

For example, the specific gravi^ of olive oil is 0*9153, that is to say, olive oil is to distilled 
water, eoual bulks, as 0*9153 is to 1. The specific gravity of melted copper is 8 788, that is to 
say, a cuoic decimetre of that metal weighs 8 kilogrammes 788 grammes, since a cubic decimetre of 
water weighs 1 kilogramme. 

Thus tne weight of a body, solid or liquid, being ^ven, in order to find its volume, dividS 
its weight by its specific gravity ; and to estimate its weight when its volume is given, multiply itd 
volume by its specific gravity. 

A similar relation to that which exists between the litre and the kilogramme, in all its 
multiples and sub-multiples, also exists between the cubic m^tre and the kilogramme, as shown in 
tiie following Table; — 



1- 


{ 


Dubic M^tre 


equals 1000 


Eilogmu 


0*1 or 


100 


„ Decimetres 


t, 100 


»9 


0*01 


10 


n n 


10 


n 


0*001 


1 


n V 


1 


w 


0*0001 


100 


„ Centimetres 


1 


Hectogr. 


0*00001 


10 


•t n 


1 


Decagr. 


0-000001 


1 


\\ Millimetres 


1 


Gramme. 


0*0000001 


100 


1 


Deci^. 


0*00000001 


10 


n tt 


1 


Centigr. 


0*000000001 


1 


." w 


1 


Milligr. 



The following tabulated forms give a comparison of the more common English and Metric 
weights and measures ; — 



SuBVXTiKQ Mbasube (Lineal). 



ina 



links. feet. yards. 
1= 126= '0833= 0278=: 



7*92= 


=1 


•66 


= 


•22 


=: 


12 = 


= 1*515= 


1 


^s 


•833 


= 


86= 


= 4*545 = 


8 


= 


1 


= 


792= 


= 100 = 


66 


rr 


22 


=s 



chains. mile. 

00126= 0000158= 
01 =-000125 = 
•01515= 000189 = 
04545= -000568 = 



French 

0254 
-2012 
-8048 
*9144 



=0125 = 20 116 
63360=8000 =5280 =1760 =80 =1 =1609*315 

1 knot or geographical mile =6082 -66 ft =1854 m^tres= 1*152 statute mile. 
1 Admiralty &ot=l-l515 mile=6080 ft. 



Sqvabb Mxasubb. 



ftet 
1 = -00694 : 

144= 1 : 

1296= 9 : 

89204= 272|: 
1568160= 10890 : 
6272640= 48560 = 4840 =160 



yardSa perdiM. roods. 

000772= '0000255= 00000064: 
111 =00367 = 0000918 ■■ 
1 =-0381 =000826 ; 
80} = 1 =025 

1210 =40 =1 

=4 =1 



sqnsre 
metres. 

•000000159= -000645 

000023 =-0929 

0002062 =-8361 

00625 =25 292 

•25 =1011-7 



=4046-7 
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1 ohain wide .. = 8 acres a mile. 
10 square chains = 1 acre. 
1 hectare .. = 2-471143 aoraa. 

= 27878400 sq. feet 
1 square mile = 8097600 sq. yards. 

= 640 acres. 

Acres x -0015625 = sq. miles. 

8q. yds. x 000000323 - sq. miles. 


CuBio Keasubk. 

cnbio metre, 
iiUL feet. yard. or stire. 

1 = -0005788 = -000002144 = -000016386 
1728 =1 = -03704 = -028315 
46656 = 27 =1 = -764518 



pintB. gikll. pedc 

1 = -125= -0625= 

8= l=-5 = 

16= 2= 1 = 

64= 8= 4 = 

512= 64= 32 = 

2560= 320= 160 = 

5120= 640= 820 = 



Mbasubb of Cafaoitt. 

iNiBhel. qnaxter. w^. lait. oa1>.ft. 

01562= -00195= -00039= -000195= 



125 
25 

1 

8 
40 
80 



0156 = 
03125 = 
125 = 
1 = 
5 =1 



00312= -00156 = 
00625= '00312 = 
025 =-0125 
2 =1 
= •5 



=10 =2 



=1 



UtrM. 
02 = -5676 
1604= 4-541 
= -3208= 9-082 
=1-283 =36-32816 
= 10-264=290-625 
=51-319=1453-126 
=102-64=2906-25 



LOHG liSASUBB. 



MiUimHre 

Centimetre 

Bedm^tre 

M^tre ; 1 m^tre = \ 
1-093633056 yard/ - 

Ddcam^tre 

Hectom^re 

Kilometre 

Myriam^tre 



MbtTBB. 



001 
•01 

'1 



10 

100 

1000 

10000 



Indiee. 



-03937 
•3937 
3-937 

39-37079 



Feet 



•00328 

•0328 

•328 

3*2809 

32-809 
828 
8280-9 



Yardi. 



•00109 

-0109 

•1093 

1- 09363 

10-936 
109-36 
1093-6 



Miles. 



•00006 

•00062 

•0062 
•06214 
•62138 
6*21382 



SqUABI MlASUBB. 





Sqaaie mAtrea. 


Sqtuie inchea. 


Square feet 


Square yarda. 


Acres. 


Milliare 


•1 


155 


1076 


-119 


* • 


Centiare ; or 1 sq. m^tre\ 
= 1-196033292 sq. yd. / 


1 


1550 


10-764 


1-19 


-00025 


Declare 


10 


15501 


107-64 


11-96 


-0025 


Are 


100 


• ■ 


1076-4 


119-6 


•0247 


Decare 


1000 


• ■ 


• . 


1196 


-2474 


Hectare 


10000 


• ■ 


. * 


11960 


2-4711 



BoLiD Mbasubb. 



Millist^Te 
Gentist^ 

Ddeistte 

8t^ or cubic m^tre 
IMeast^ie 
Hectost^ . . . . 



CublomMres. I CaUclncibee. 



001 

01 

1 



1 

10 

100 



61 028 
610-28 
6102-8 
61028 






Cnbiefeet 



-853 
3-5317 
85 317 



CuMc yards. 



-1308 
1^308 
1308 
130-802 
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o»™. 






Cwt. 


T<« 


a»lc.TW- 


HilUznnuiiB .. 


■001 










-015 




■ox 










•134 




•1 










1-543 


















10 


■85 


022 








Hectogramme 
















1.000 


85-2789 


2-2016 


-D19 


-00098 






10.000 




22-04 


-1908 


■00984 






100.000 




220-46 


1-9684 


-0984 




HUliw Of Bat 


1,000,000 




2204-62 


19 -684 


■984206 





Dbi *vd Fluid Mumtbx. 





UUM. bubm. 


-^ »— 


B,.d^ 
















■01 


■61 












6-1 








Lilre; litre = -22009668 1 


1 


61-02 


-0863 


•28 


■0275 














100 




8-53 




2-731 


KiloUtce : ktloUtie = a cablo\ 


1000 




85'8]7 


220 


27-512 


MfrikUtre 


10000 




838-17 


2200-967 


27-5121 



l.?ll 



Fanras HiTBz bxduobd 




8-9871 s -8281 

7 8742 = -6562 

11-8113 = -9843 

157483 =1-3124 

19-6864 =1-6404 

23-6225 = 1-9685 

27-5596 =S-S966 

31-4966 =2-6217 

B5-4337 = 2-9626 
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PRE88UBB.— 


-Lbs. 


A SQUABB IROH OOMPABBD 


WITH KILOGKAMKEB 


A SQUABB OENTIMiTBS. 


Lbs. 
per. 
Inch. 


miogB. 

percent. 


Lbe. 

per 

Inch. 

16 


Kilogs. 
percent. 


Lbe. 
per 

inch. 


Kllogt. 
percent 


Lbs. 

per 

inch. 

45 


Klloga. 
percent. 


1 

Lbs. 

per 

inch. 


KUO0BL 

percent 


TJm. 

per 

inch. 


KilogB. 
percent 


Lbs. 

per 

inch. 


KUoea 

percent. 


1 


00703 


1125 


31 


218 


316 


.59 


4' 15 


73 


513 


87 


6' 12 


2 


1406 


17 


1*195 


32 


2*25 


46 


3*23 


60 


4*22 


74 


5-20 


88 


619 


3 


2109 


18 


1*265 


33 


2*32 


47 


3*30 


61 


4*29 


75 


5*27 


89 


6-26 


4 


0-2812 


19 


1*336 


34 


2*89 


48 


3*37 


62 


4*36 


76 


5*34 


90 


6*33 


5 


0*3515 


20 


1*406 


35 


2-46 


49 


3*44 


63 


4*43 


77 


5*41 


91 


6*40 


6 


0*4218 


21 


1*48 


36 


2*53 


50 


3*51 


64 


4-50 


78 


5*48 


92 


6*47 


7 


0*4921 


22 


1*55 


37 


2*60 


51 


3*58 


65 


4-57 


79 


5*55 


93 


6*54 


8 


0*5624 


23 


1*62 


38 


2*67 


52 


3-65 


66 


4-64 


80 


5 62 


94 


6 61 


9 


0*6327 


24 


1-69 


39 


2*74 


53 


3*72 


67 


4*71 


81 


5*69 


95 


6*68 


10 


0*7023 


25 


1*76 


40 


2*81 


54 


3-80 


68 


4*78 


82 


5*76 


96 


6-75 


11 


0-773 


26 


1*83 


41 


2*88 


55 


3-87 


69 


4*85 


83 


5*83 


97 


6-82 


12 


0-843 


27 


1*90 


42 


2 95 


56 


3*94 


70 


4*92 


84 


5 90 


98 


6 89 


13 


914 


28 


1*97 


43 


802 


57 


401 


71 


4*99 


85 


5 97 


99 


6*96 


14 


0-984 


29 


2*04 


44 


3*09 


58 


4*08 


72 


506 


86 


6*04 


100 


703 


15 


1*055 


30 


211 



























COMFABATIYE TaBLB OF KlLOOBAHMBB, LbS 


., AND GWTB. 






KUogt. 


Lbs. 
Avoir. 


Cwte. 


Kiloga 


Lbs. 
Avoir. 


Gwta. 


Knogs. 


Lbs. 
Avoir. 


Cwta. 


Kilop. 


Lbs. 
Avoir. 


Owts. 


1 


' 2*20 


•0197 


27 


59*52 


•531 


53 


116*84 


1*043 


78 


171*96 


1*535 


2 


4*41 


•0394 


28 


61-73 


551 


54 


119 05 


1*063 


79 


174 16 


1-555 


3 


6 62 


0591 


29 


63*98 


•571 


55 


121 25 


1*083 


80 


176 37 


1*575 


4 


8-82 


0787 


SO 


66-14 


590 


56 


123-45 


1-102 


81 


178-57 


1*594 


5 


11-02 


•0984 


31 


68-34 


•610 


57 


125 66 


1 122 


82 


180 78 


1-614 


6 


13-23 


1181 


32 


70-55 


630 


58 


127-87 


1 142 


88 


182-98 


1*634 


7 


15*43 


•1378 


33 


72 75 


'650 


59 


130*07 


1 161 


84 


185 19 


1-653 


8 


17-64 


•1575 


34 


74 96 


669 


60 


132-23 


I'lSl 


85 


187-39 


1*678 


9 


19*84 


•1771 


35 


77-16 


689 


61 


134 48 


1 201 


86 


189 60 


1 693 


10 


22 05 


•1968 


.36 


79-37 


•709 


62 


136 68 


1 220 


87 


191-80 


1-712 


11 


24*25 


•2165 


37 


81 57 


728 


63 


138-89 


1 240 


K8 


194 01 


1*732 


12 


26 45 


-2362 


38 


83 78 


748 


64 


141-09 


1*259 


89 


196 21 


1-752 


13 


28 66 


•2559 


39 


85 98 


'768 


65 


143 30 


1 279 


90 


198 42 


1*772 


14 


30 86 


2756 


40 


88 18 


•787 


66 


145*50 


1 299 


91 


200*62 


1*791 


15 


33 07 


2953 


41 

1 


90 39 


807 


67 


147-71 


1 319 


92 


202*82 


1 811 


16 


35*27 


•3150 


42 


92 59 


827 


68 


149 91 


1 338 


93 


205 03 


l^SSl 


17 


37 48 


3346 


43 


94 80 


846 


69 


152*12 


1 358 


94 


207*23 


1 850 


18 


39 68 


3544 


44 


9700 


866 


70 


154 32 


1 378 


95 


209 44 


1 869 


19 


41 89 


3740 


45 


99 21 


886 


71 


156*53 


1 398 


96 


211 64 


1 888 


20 


44 09 


•3937 


46 


101 41 


905 


72 


158-73 


1 417 


97 


213 85 


1*909 


21 


46 30 


•4134 


47 


103 62 


925 


73 


160 94 


1-437 


98 


216*05 


1-929 


22 


48*50 


•4331 


48 


105 82 


945 


74 


163-14 


1 457 


99 


218 26 


1 949 


23 


50 70 


4527 ; 


49 


108 03 


964 


75 


165 35 


1-476 


100 


220-46 


1-968 


24 


52 91 


4724 


50 


110 28 


984 


76 


167*55 


1*496 


101 


222 66 


1 988 


25 


55*11 


4921 


51 


112 43 


1 004 


77 


169 75 


1 516 


102 


224 87 


2 008 


26 


57 32 


•512 


52 


114 64 


1 024 
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Engijsb Ain> Fbxnob Ltneab Measures Gompabsd. 




Engltah. 


French. 


EogUah. 


Frendu 


gngHah 




Inchei. 
33iidi. 


M. a 


Mm. 


Indiea. 


M. <! Mm. 


Inches. 


M. G Mm. 


1 





0-79 


1 


9 204 


lOi 


27 619 


o 






1 58 

2 38 


9 5-22 
9 8-39 


^v 




3 


11 


27 9*39 


4orf 





3 17 


^ 




} 


28 2-56 
28 5*78 
28 8*90 


4 


10 1 60 
10 4-77 


5 





3 96 


6 





4 75 


10 7 94 


29 207 


7 





5 55 




11 1-11 


1 


29 5*25 


8 or} 





6 84 


11 4-28 


29 8*42 










11 7*46 
12 0*63 
12 3-80 


i 


SO 1*59 


9 
10 






7 13 
7 93 


12 


80 4*79 


11 


0' 



8 72 
9-51 




12 6*99 










12or| 














13 016 
13 3*38 
13 6*50 


Feet 


M. C. Mm. 


13 
14 


1 
1 


30 

1 10 


1 


80 4*79 


15 


1 


1-89 


13 9-67 


2 


CO 9*6 


16ori 


1 


2-68 




014 2*85 


8 


91 4*4 








14 6*02 
14 919 


4 


1 21 9*2 


17 


1 


3 47 


5 


1 52 40 


18 

19 


1 
1 


4 27 

5 16 






A 


1 82 8*8 




15 2 89 


7 


2 18 8*6 


20or4 


1 


5-86 




15 5 56 


8 


2 43 8*4 


a 






15 8-73 
16 1*90 


o 


2 74 8*2 
8 04 8*0 


21 


1 


6-65 


10 


22 


1 


7 44 


16 5 07 


11 


8 85 2*8 


23 


1 


8 28 




16 8 25 


12 


8 65 7*6 


24ori 


1 


903 


17 1-42 


18 


8 96 2*4 










17 4 59 


14 


4 26 7*2 


25 

26 


1 
2 


9-82 
0-61 


As 

15 
16 


4 57 2*0 
4 87 6-8 




17 7 79 


27 


2 


1-41 


1 


18 96 


17 


5 18 1*6 


28of i 


2 


2 20 


18 4 18 


18 


5 48 6*4 


V 








18 7*80 
19 0-47 


19 


5 79 1-2 

6 09 6*0 


29 


2 


2-99 


Air 

20 


SO 


2 


3-79 




19 3*65 


21 


6 40 0*8 


81 


2 


4*58 


19 6 82 


22 


6 70 5*6 


32 or 1 in. 


2 


5-899 




19 9 99 
20 8-19 


28 
24 
25 


7 01 0*4 
7 81 5*2 












7 62 0*0 


Indies. 


M. a 


Mm. 




20 6 36 


26 


7 92 4*8 








20 9 53 
21 2 70 


27 
28 


8 22 9*6 


1 


2 


5*40 


8 58 4-4 


} 


2 


8*56 


21 5 87 


29 


8 83 9*2 


3 


1-73 




21 9 05 


30 


9 14 40 


i 


8 


4-90 


22 2 22 


81 


9 44 8*8 


8 


807 




22 5 89 


82 


9 75 8*6 


} 


4 
4 


1*25 






88 
84 


10 05 8*4 
10 86 8*2 


JL mt%M 

4 42 




22 8 59 


i 


4 


7 59 




28 1 76 


35 


10 66 8*0 


V 






23 4 93 
28 810 


86 
87 


10 97 2*8 

11 27 7*6 


2 


5 


0-79 


t 


5 


3*96 


24 127 


38 


11 58 2*4 


5 


7*13 




24 4*45 


39 


11 88 7*2 


} 


6 


0*30 


24 7-62 


40 


12 19 2*0 


6 


3-47 




25 0*79 


41 


12 49 6 8 


t 


6 


6*65 






42 


1^ 80 1*6 


6 


9*82 


10 


25 3-99 


43 


M.^^ WW A \M 

18 10 6*4 


i 


7 


2*99 




25 7-16 


44 
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lOLL. Pb., Mmtim; OiB., Jfvhle; Ital., Mulino; Span., Jfo/tno. 

A mill is an engine or machine for grinding or oomminnting any snbstanoe, as grain, by 
rubbing or crushing it between two hard indented surfaces, generally of stone or metal, usually 
having a word prefixed denoting the particular object to which it is applied ; as, a rolling mill, 
a paint-mill, a cider-mill, and so on. In modem usage the term mill includes various other 
machines or combinations of machinery which resemble the flour-mill, to which the term was first 
applied, not in its circular crushing or grinding action, but in the more general one of transforming 
some raw material by mechanical processes into a state or condition for use ; as saw-mills» ootton- 
mills, powder-mills, oil-mills, silk-mills, to some of whic^ the team manufactory or factory is also 
applied. The building, with its machineiy, where grinding or some process of manufacturing is 
carried on is also called a ndll. 

Wmdmilla, — ^Por giving motion to machinery, windmiUs have been and still are very extensively 
used. Eueineers of the last generation devoted great attention to the construction of windmills, 
and brougnt them to great perfection. The introduction of steam-power— a power economical, 
manageable, and always to be depended on — ^has, in a great measure, superaedea that of wind as a 
mover of machinery. It is true after the first cost of a windmill, the power is comparatively inex- 
pensive ; but it is so variable in intensity — sometimes, when it is not required, exerting great 
fbroe, and sometimes, when it may be most wanted, totally inefiective — that it is generally prefer- 
able to apply a force, perhaps considerably more expensive in ito production, but constant, steady, 
and completely under control. 

Windmills are of two kinds, horizontal and vertical. The former have be^ very little used, 
for it is found in practice that they are by no means so effibottve as the latter. The mode of con- 



n the plan, Fig. 6ST8, <u i 
of theaune rainoiple of oonatniotion. A wfieel Dwnnted on i — '"' -' — 
flat vanes orlioaidi fitted ronnd it* cinnmifUeaoe, ia enclosed 
with boarda fixed obliquely, oi in mch 
lines aa if pradnced initatda would 
tonoh the droomferenoe of the wind- 
wheeL BythiaoRMigsmeiit the wind, _ __ 

from whatever point it maj blow, eftoaes *™*" 

the wheel to revolTe in the same dine- 

tiOD. Part of the breeze paaaea between 

Uie oblique boaidi of the oaaing, and 

acts on the bladea of the wheel ; while 

part is interoepted bj tbe boards, and ^ ^^ 

either lelleoted inwards bo as to propel 
the blades in the same direction, or 

refleoted ontwards so as not to act npon ■"■■>' 

them in the opposite direction. 

Bometimea horizontal windmills )■■■* 

haTS been made with a eaaingmrtiallj 

snrronuding the wind-wheel. Fig. 5879, «mm, 

and capable of being turned round by 

moms of a Tane, so as to permit tbe 

wind onlr to act on one aide of the "™* — 

wheel, nhUe the other ia completely ^^.... 

■heltered. 

The vertical windmill, a* ia well 
known, conaiita of an aile or abaft, 
nearly horiiontal, motuited Id beailDga 
at the snmmit of a tower, with fonr or ~~~ 

more bhidea oi sails attaolied to it. 
These sails are set at an angle with the 
axia, BO that when the wind blows 
directly on the faoe of the mill, iti 
obliqoe action on the sails is resolTad 
into two forve^^me in the direction of 
the axis, and the other perpendionlar 
to it, which is the direction in which 
the lailB lerolTe. Nnmerons expari- 
meots and oompntations were made to 
determine the moat advantageona 
angles for setting the sails, and their 
moat effective forma and proportioDa. 
If we snppoae the radius of a sail 
divided into six equal parts, Fig. 5680, 
and drclee traced throDgh the pointa 
of divisiDn, the velocity of «ach point 
in revolving is proporttoual to the part 
of its oirole iateroepted between two 
radii, or prc^rlionBl to its own radioa. 
If, then, we make a series of plans of 
the sail at these different parts, we see 
that M we approach tbe oentie we 
should increase the obliqnity of the sail 
to itB plane of motion, so as to allow 
for its slower escape sideways from the 
impulse of tbe wind. The sails accord- 
ingly are Dot made flat nufHoes iuolined 
equally to the plane of their reTolntioQ, 
but Biirfacea of varying inclination, 
somewhat like portion* oi screw blades, 
twisting M it were from a oertain 
obliquity at their extremea in a greater 
obll^ty at the centre. The angles 



shaft, and haTioK 
ng, which ii fitted 



■>?..« 



1 practice 
1 engineer 
ts well as thoae oaed 




Bmeaton as follow, 
by some other 

Distauoe bmn oentre 1 2 S 

Inclination to plane of motion (Smeaton) .. ...18° 19° 18° 1 

„ otherwise .. .. S*" 81" 18° 1 

n irregularity la observed in the Brat, ^ 

e greater than the aeoond, whereas Bmeaton makes it leaa. 

mav be adopted as a very near approximation. To find the angle at which 

illued to toe plana at ravolntion at an; distance from tbe centre ; — 



12*" T" 
9* BP 



iob abotild b; tikw 

The following ml* 

- ibeSa be 
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i^ttfo.— Multiply 18 twioe by the dutanoe from the centre, divide the product twice by the total 

radius, and subtraot the quotient from 23 ; the remainder ia tlie inclination in degrees. 

JSjBonip^.— In a windmill 60 ft in diameter, required the inclination of the sail 20 ft from the 

centre. 

18 ^ 20 X 20 
Here 30 ft. is the total radius, and ^^^ = ^ ^^^^ subtracted firom 23, gives 15°, the 

angle of that point. 

Were we to divide the radius 30 ft. into six equal parts, and calculate the angles at each point, 
we should find them correspond nearly with the means of those given by Smeatou and others, as 
may be seen by the following Table ; — 



Parts of radius 


1 


2 


8 


4 


5 


6 


Distances from centre 


5 ftet 


10 feet 


15 feet 


20 feet 


25 feet 


30 feet 


Angles (Bmeaton) 

„ (others) 


18° 
24° 


19° 
21° 


18° 
18° 


16° 
14° 


'W 


7° 
8° 


Means .. • 

Angles by the rule 


21° 
221° 


20° 
21° 


18° 
181° 


15° 
15° 


10f° 

101° 


6° 
5° 


Differences from means 


11° 


1° 


*° 


0° 


*° 


CP 



Having determined the proper inclination of the sails at different distances from the centre, it 
next becomes important to inauire how much of the surface of the whole circle should be filled 
with sidls. Milb are generally made with four strong wooden arms or radii, fixed firmly in a 
central socket, and sten^ied and stiffened by tie-rods, connecting their extremities together, and 
with a projecting strut on the central boss. The width of each sail at the extreme should be about 
half of the radius, so that in a mill 60 ft. diameter, or 80 ft. radios, each sail would be 15 ft wide 
at Uie extreme. The part of the arm next the centre for about 1 of the radius, that is, 5 ft. in the 
case supposed, is not fitted with sails because the surface there is so little effective, as well from its 
short leverage as from its obstructing the wind refieoted from the head of the turret behind it The 
width at the inner end should be 1 of the radius, or 10 ft. The surfieuM of each sail is therefore 
8121 sq. ft, and the total of the four is 8121 x 4 = 1250 sq. ft 

The total area of a cirde 60 ft. in diameter is somewhat above 2800 aq. ft, so that not half the 
surface of the circle ia clothed with sails. There would be no disadvantt^ in extending the sur- 
face by making the sails broader or more numerous, until it became } of the whole surfiica Beyond 
this additional sail-surface is dlBadvantageous, for it appears to ooistruct the free passage of the 
currents reflected from the sails, and thus dog their motions. It is found advantageous to arrange 
the surface of a sail somewhat in the proportions of the diagram. Fig. 5881, which represents the 
front view of one saiL 



6881. 



d^)=f::': 



B 



Thus if AG is 80 ft., then A E should be 25 ft., AD or EF 10ft., and A B 5 ft. 

The covering of the surface, so as to catch the impulse of wind, formerly consisted of canvas 
fixed on a roller at one side of the arm, on which it could be rolled like a window-bliild, or from 
which it could be unrolled so as to cover the whole sail, which was filled in with wooden framing 
to support the canvas pressed against it by the wind. Sometimes the canvas, instead of being in 
one sheet, was subdivided into numerous separate sheets mounted on roUers, and apparatus was 
provided ao that the canvas mi^ht be wound on the rollers or unwound at pleasure while the mill 
was in motion. As the wind is exceedingly variable, and as the quanti^ of work required of the 
mill also might vary to a considerable extent, it was found necessary to provide some apparatus by 
which the mill might regulate itself, so that its velocity should not be excessive at one time, and 
too small at another. One mode of effecting this object was to apply to the machinery of a mill a 
governor, like that of a steam-engine. This governor consists of two heavv bdls suspended from 
&e summit of a vertical revolving spindle by jointed rods. The spindle being at rest, the balls 
hang dose to it on each side ; but on the spindle being caused to revolve rapidly, tiie balls, im- 



peUed 
thitap 
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t^ oentrifbnl IbMC^ fly aiMj ftom the oentMl azla. A gystem of leven and lodi eonneotod 
appuattu nltn the akil-ToUen, ao thai when the iNtlla flew ontmrda from increaaed velaoitT, 

«NU WCM furled ; and when thej fell inwards from diminiahed speed of reTolutton, the aaili 

were onfurled. The quantity of (nrTaoe thna preeented to the wind wm adjusted to it« force, and n 

tolerably equable Telocity of the maobinery waa attained. In nme mare recent 

rniUi an ioKeiiioiu oontriTanoe for regnlatiiig the BoiAuse of aail according to 

the fbree of the wind ha* been cnooeMfnlly adopted. The saili comiit of a 

bamework filled in with lonTre-boarda hin^ on picol-pins near one of their 

edges, and all oonneoled by lerera and roda with a gliding boea oti the central 

>-*4b «r »hA wln-^mill VKa KtUOL "Whan tha vin<4 t^rf^^o D^H^n^l.. ^^^i^^ *W* 



asu of the windmill, 1*1^. 58B2. When the wind blowa Btranaly agaiiut the 
lonTre-boarda, it fbinee them ont of their vertica] podtioa, and paaaea freely 
throDgh the opening! between them. The anrfaoe of theeaili is thus dindnished 



Sthe pre«tnre of the wind itaelf. To prevent ita being too much dininiBhed, 
9 i>li<fi"g boaa connected with the loavre-boards ia pressed upon by a lerer 
loaded by a certain weight aofBcient to balance, aa far aa may be dedrable, 
the preesnre tending to force aiide the louvrca, and tbua to keep them, to a 
certain extent, up to tlieirwork. When the load on tbe mill— that ia to say, 
the qoaotitf of work effected by it — ia Taried, the weight may be vuricd accord- 
ingly ,- and thua the effective amount of forboe in the aaifa may be adjuated 
to the average fiHce of the wind and the work to be done by it. When the wind- 
Ibroe exceed! oi fall! diort of it« average, tbe greater or leaa inclination of the 
loQvrea Terv neariy eompenaate! for the variatioD. 

The Mil! of ft windmill ahonld directly face tbe wind in radei: to receive ita 
■BMt advantageons action ; bnt, as the direction of the wind often change^ it ia 
DeaeeMrrto adopt some arrangement for varving that of the mitl-ahaft accord- 
ingly. The nunmit of the null-tower, in wniefi the mtU-ahaft ia mounted, ia 
therefore made to revolve, so that at any time the direction of the ahaft may 
be varied, and the eaila presented to the wind. In old raill^ and indeed in 
many Huall mills atiU existing, thla change of 

direction ia effected by hand. A long lever is ***^ 

fixed to the movable cap or aummit of the tower, 
■nd extends obliquely to tbe ground. The miller 
watches the direction of tbe wind, and by moving 




■idaraUe power; 
tkn would hare 1 



this would require oc 
oreover, oonatant atten- 
to be paid to the changes of Um 



might be destroyed; fbrasUieaa 

strengthened 1^ tie-rods to receive the wind's 
preesore on their face, a change of the wind to the 
oppoaite direotion might throw a great strain on 
toeii back, for meeting which no provision ia mad.). 
A simple mode of making the change of direction 
aelf-aottng ia.to flt the back of the cap with a 
large vane, which, like that of a wealheroocL 
would canae the aaila to be presented to the wind 
&om whatever quarter it mlgbt blow. 3ut when 
milla are of cousideiable axe the vane would 
require to be very large and onmbroua. The con- 
trivance genetnlly em^yed is neat and ingenions, 
Behind the cap. Fig. iSSS, on the aide opponte 
that through whli£ the wind-shaft paaaea, a 
ftuioing la made to project ontwarda. On thia 
fiwning there la mounted a small windmill on 
an axis tnuurerse to that of the main arms. The 
oap reata on rollers fitted in tbe ciroular top of the 
tower ao that it may move &eelv round ; and a 
toothed droulw rack ia also fixed on the aummit 
of the tower. A spindle, fitted with bevel-gearing 
BO that it may be caused to revolve by tbe revolu- 
tion of tlie small mill, oonveya motion to a toothed 
Clon which gears into the circular rack. Wlien 
m^D mill naa ita feoe presented to tiie wind, 
tbe small one stands edgewaya to it, and therefore 
recnaina at rest; but as soon as tbe wind veeta it 
begins to set on one side or the other of the small 
mUl, and thus causes it to revolve. Tbe pinion is 

thna made to travel along the fixed raek and turn the cap of tbe mill round until the main mill 
is again bronglit to feoe tbe wind in its new direction. This arrangement is found to be very 
efltotiT«L and when it ia properly applied the mill requires no attention in reapeot of direetion to 



In estimating the veloeity with which the sails of a windmill revolve, we have to oonnder not 
only the force of the wind npon them, but also tbe resistance to their motion ooceaioned hi ^^^ ^ ^ 
done by the mill. A, B, log. 5881, may represent the edge of a snrfiMe preNnled oUiqnely ti 
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wind, and capable o( moYing in the direction O, D, at right anglea to that of the wind. If the 
Burfaoe be free and nnresiBted in its motion, and the wind he oonadered to produce ita fall eifeot 
upon it, the proportion of _a^ 

its velocity to that of the ***** 

wind would be estimated by 
that of the line B. B', to the 
line B, A'; for it iB clear 
that while the wind travels 
9ver the distance B, A , the 
surface moves to the position 
dotted, that is, over B, BV 
But if the motion of tho : 

surface be resisted, its ve- j 

locity in relation to that of : 

the wind is diminished. In ▲ yy 

the case of windmill sails. I 

we may suppose such a load ^ 

of work on the mill that the 

velocity of the sails is not more than half what it would be were there no resistance. We may 
therefore assume that the velocity of the sail relatively to the wind would be expressed by the ratio 
of half the length of the line B, B', to the length of A, B'. Taking the wind as a gentle breeze, 
the velocity of which in the Table is about five miles an hour, and the inclination of the sail or 
angle A , B, B', half-way from the centre 18°, we should find the half of B, B', to be about 1) times 
A, B, or the velocity of tho sail, 1} X 5 = 7| miles an hour--about 660 ft. a minute. If the wind- 
mill be about 60 ft in difl meter, the diameter of the middle point of the arm is 30 ft, the circum- 
ference of the circle in which that poiat revolves is 94 ft., and the number of revolutions made a 

660 
minute is therefore -^j* , about 7. 

If now we calculate the speed of the extremities of the arms, we find that it is 1320 ft. a minute, 
or about 15 miles an hour ; three times that of the wind, which we have assumed as 5 miles an hour. 
Did we assume a wind of greater velocity, we should have to take into account the self-regulating 
arrangement, which diminishes the amount of surface exposed, and therefore prevents the mill 
from attaining so much increase of speed as it would without regulation. Under ordinary circum- 
stances the speed of the outer extremities of the arms ranges from 20 to 30 miles an hoar. We 
mav assume 30 miles an hour when the wind blows at 10 miles with a pressure of about 
I lb. on the square foot. The total surface of the sails unfurled in a mill 60 ft. diameter, is 
1250 so. ft. ; we mav suppose half lost bv furling, leaving 625 eflSoctive. As the surface is set 
obliquely to the wind, the pressure in the oirection of motion would be reduced from } lb. to about 
I lb. as a mean over the whole of the arms, giving a total pressure in the direction of motion of 
about 90 lbs. Tho mean velocity of the arms is half that of the extreme, 15 miles an hour, or 
1320 ft. a minute. Wo have therefore 90 lbs. moving at 1320 ft. a minute, which is eouivalent to 
a force of 90 x 1330 =118,800 lbs. moving at 1 ft. a minute. A horse-power is reckonea as equiva- 
lent to 33,000 lbs. moved 1 ft. a minute ; therefore, the power of the mill we have reckoned is 
about 3} horse-power. 

When we double the diameter of a mill, we quadruple its power, for we quadruple its effective 
surface. The areas of circles are proportional to the squares of their diamet^ ; and as the similar 
parts of the areas are occupied by sails, they are also as the squares of the diameters. 

It is not at all an easy matter to estimate the powers of windmills. The proper guide as to 
power, velocity, and construction ii experience. Some of the works of Smeaton contain muc^ 
valuable information respecting this branch of practical mechanics : and to these we must refer 
such of our readers as require a more full disousiion of the snojeot than our limits permit 
us to offer. 

Fig. 5885 is a vertical section of a windmill arranged to drive the gears of a rape-oil mill, 
a a is the mill-shaft ; 6, 6, the sails ; o c, movable support for the mill-shiftf t ; « tf, hand-lever for 
shifting the movable mill-cap ; /, /, bearings of the cap , g g, summit of mill-tower ; h A, main shaft ; 
t, toothed wheel and pinion tumiog the waft j of the stones A, A ; /, bevel-gears for driving such 
other machines as the stamp battery, or press, seen at p', n'. 

As a force applied to the movement of machinery, wind has few advantages except its little cost 
after the first outlay for a windmill has been made. It is chiefiy available in flat countries, where 
there is no opportunity of obtaining the preferable power of water, and where there is Uttle inter- 
ruption to the aerial currents. In hilly countries windmills are often subject to derangement ftom 
the excessivo force of the gusts of wind that often occur in such regions. In tropical countries, 
particularly islands and places near the sespshore, the daily occurrence of the land and sea breezei^ 
occasioned by the action of the solar heat on fhe land, provides a certain amount of wind-power, 
which may be almost always depended on. But in these countries, on the other hand, there often 
occur tonuuioes or hurricanes of extreme violence, that sweep away almost everything that may 
oppose their progress ; and thus frequentlv destroy windmills, and occasion renewed outlay in their 
reconstruction. The principal use to which windmills are devoted in temperate dimatea is for grind- 
ing com ; in tropical climates, such as the West Indian Islands, they are employed for^ dnving 
sugar-cane mills. In fenny and marchy countries, such as Holland or some of tne eastern counties 
of iBngland, they are used for drainage, either by working pumps or turning a wheel contrived for 
lifting the drainage water from the surface of the ground into canals at a higher level, by which it 
is carried off into the sea. In all situations, however, where the cost of fud is not extravagantly 
great, steam-power has superseded that of wind, because its certainty of action more than repays the 
cost of its production. Districts the drainage of which is dependent on wind-<power, may 



beocone immeinely deteriorated. In mgu-gtowiag conntriea agaiQ, the demngement of wliul 
mtohinery by a hnrrlcaiie ot tempert nay oooor at Uib naaon irhen the aupu-^canea haro to be 
onuhed : and the low of a few davs In enuhing the canei may serionBlj damage the augar in 
leapeol ot quantity aa well aa qnaUty. Upon the whole, then, whcaevec the cost ot fuel la not 
exceatire, it ia not adriaable to incor the oatlay of extenaiTe worka tor aecuring wind-powei. A 
very amall ateam-engine, kept oonstantly in operation, ia far more effectiTO than a windmill of much 
greater power, becanae the latter ia ao variable and uncertain in ita actinn. Tbs only operationa 
aniteil to wind-power are ineh aa need not necessarily be oomploted at certain periods, but may be 
iNiidttet«d acc«n<audly ai the wind may Hrre, Nor ahould the maobinery driven by wind 
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leqniie yerj nice rcvnlarity in its action ; for, notwithitanding oITthe Ingenious amngsmenti for 
equalizing the wind-focce, it ie still aDateadT at the best. 

Evaij part eipooed to the wind abotitd be greatlj in ezoeM of the strength required to resiat 
the average strain to which it may be exposed. The tempest of an honi' — naj, a momentary gust 
— may frequently destroy a windmill that has stood under ordinary winds for years ; as a saf^raard 
against too much strain, the windmill ahonid always be left free to rerolve, even if the maohinery 
which it drives is thrown out of gear. The shut or aiis of the mill generally carries a large 
wheel, to which is fitted a strap of iron, loaded so as to press OD its oiromnfereuoe. and act as a 
friction-brake either to hold the mill fast for porposee of repair during light winds, or to check its 
velocity when the winds are too strong for the work required. 

Oil-mill Machinery, by Alex. Samuelson, Excerpt Proceedings Inst H. E., 1SR8.— Tbe means 
adopted for extractinK oil in the lost oentury by the natires of Ceylon, where ooeaa-nnta and other 
seeds abound, were of the most primitive description: the appaiatns, as illoatrated in Fig. 5886, 
coQsiBting simply of a few poles stuck into the ground, supporting two parallel horizontal ban 
A, A, between which was placed a bag B oonleuning the seed or pulp of the oocoa-nut, from which 
the oil was to be eipreaaed ; a lover C was then bnioght to bear against one or both of the 
horizontal bars for tbe prnpose of bringing them together, and thereby cansing the tequired 
preaanre npen tlje seed. This rude apporotoa was one of the moat approved oU-mills of that 
period. The pestle and mortar, Fig, 588T, Has also used for the same purpose ; and from the 
nature of these appliances the prooess was neoessarily exceedingly slow and inefflcient. Fig. S8SB 
is an improvement upon thii apparatus. It is tlie invention of Hebert, whose object was to 




DODstrnct what he oonsidered a poweifdl and effeetiva maohine, combining simplicity and obeap- 
neds with economy of labour. It consisted of an upright post A fixed firmly, into the ground, the 
stump of a tree being often used, upon the lower and upper ends of which were projecting pieoes, 
the upper one forming the joint of the long horizontal lever B, and the lower one the joint of the 
short vertical lever C, at the top of -which was fixed a roller bearing against the under side of ' ' 



ing portion of the macLiue. The preesore was obtained by the weight of a man suspended Krom 
the end of the horizontal lever B. A doable oiBchine, Fig. 5889, was also constmeted apmi the 
same principle, the pressure being obtained either by weights or by a bncket full of water, 
which was made s«lf-acting in so &r that as soon as tlie backet touched the ground a valve was 
opened and the water escaped, relieving the seed from any farther pressure. The advantage 
of the double maohine was that it conid be made portable and be moved about at pleasure, 
one-half of the press oonnterbalanoiiig the other when both sides were tn action, thus it was 
rendered independent of the groDud. Another appliance of s similar deeoription is shown in 
Fig. 5890 ; in this instanoe there was only one lever B, and the seed bags, instead of being placed 
vertically, were plaoed horiiontaUy in a box 0, upon the loose head of which the action of the 
lever was btoagat to bear bj the same means of animate or inanimate weights. There Is also 
anothei press deaerring of nwce, wbiek is shown in Fig. 5S91. The pressure is here gained by 
lever* and weights B as in most of the foregoing examples, bnt with this nudifiMtion, that cams O 
and wedges D we introdnoed. Thtte is also a modifleatlon of thia ootnbined lever and cam 
d by John Hall, of Dartfoiid, where Uie pnmtm is applied at thr 



and of the lerera B b; mewii of the ttesm-orlloder A. Tbi« (tppuBtaa it donble, oonaiiting of two 
puTs of boxes, the otnm being plaoetl oppodte to each other, so that the openttoiu of oompreMiiiB 
the seed and refilling the btigs msj be curled on limnltaoeouil;. 



\ 
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The more approTed and modem prewes for extrsoting oil ue three in number; — (he Dutch or 
stamper pre«; the socev preM; aod the hjdiaulie preas. Befbre conaidering the oomparatiTe 
msrito of theae three pretsca, it will be adTantageoos to refer generally to the oourse of oj>erations 
(o be performed preriona to the oompresrion of the seed, which is the last of fire operatioEis that it 
has to undergo. 

The first operation oonsiats in passing the seed through a flat screen or ahaker, which is kept 
in a constant stale of agitation. 

Id the second opemtioD the seed la pinsrd through a pairof omabing rollers, which have the effect 
■ " --18.5898 la a tram ■" ' -" 



of IvnifiDgw 



indopenit 
onuliiDg 



it Fig. 5 



section, and Fig. 5894 « plan, of a pair of these 




lollera. The two roUm are of nDsqual diametera. the larger one A being t fl, diameter, and the 

■™1mB1 ft. diameter, the brMdth of both being 16 in., or 11| in. on the face Tho Uiyer roller A 

makesfltlv^ji rerolations a minote, dririnK the smaller one by friction. The seed ia auppliod 

' Uum^ the hopper bT meaiia of a wnall roller D ter; slightly grooved, which ia maoe lo 

7x2 
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revolve for the purpose of feeding the main rollenSf being dilven by a strop from tlie larger roller 

passing over a pulley outside the hopper; the amount of feed is regulated by the regulating plate 

and screw E. Underneath the rollers aro placed scrapers F, kept in contact with them by weights, 

for the purpose of scraping o£f any seed adhering to the surfaces after crushing. These rollers for 

a long time were made of equal diameters ; but it was found that they crushed the seed neither so 

well nor so expeditiously as they do in their present proportions. After the equal-sized rollers 

were found to be inefficient, that 

known as the Ipswich Mill was ^^ 

adopted, in which the larger roller 

was 6 ft. diameter and the smaller 

1 ft. diameter ; but experience proved 

that, when any hard substance got 

between the rollers, the leverage over 

the joamals was so great that it 

caus^ much wear and tear upon 

those parts. Seed crushers have 

theroforo by degrees adopted the 

medium • sized rollers, which are 

found to be exceedinj^ly effective 

and not liable to derangement. A 

pair of rollers such as are shown in 

Figs. 5893, 5894, will crash, upon 

an avenige, about 4} tons of seed in 

eleven hours, which is sufficient for 

two sets of hydraulic presses. 

The third operation consists in 
grinding the seed under a pair of 
edge stones. Figs. 5895, 5896. Fig. 
5895 is a vertical section, one of the 
stones being removed ; and Fig. 5896 
is a phm with one of tho stones in 
section. Fig. 5897 shows the ver- 
tical driving shaft partly in section. 
The two ed^ stones A A are 7 ft. 6 in. 
diameter and 16 in. thick, bevelled 
to 114 in. broad on the fiaioe, weigh- 
ing together about 7 tons ; the ver- 
tical driving shaft B makes about 
seventeen revolutions a minute. The 
seed is kept under the stones by 
means of the sweeper D, and at the 
proper period is oolleoted and swept 
off oy a second sweeper £, the slide 





il=i} 




or cover F being withdrown for iU diaohitfge ; while the grinding Is being performed, the sweeper 
E is raised from the bed-plate 0, by the hand-lever G, as shown by the dotted line. The edge 
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■tonea, if of f;Dod quality And the seed not impure, require to bo refiwed aboat every three yt^r^ 
anil will Ust from nfteen to tventr years aooording to their quality. Ono pair of edge atones will 
grind ■ufflciont leed for two doubls hTdianlio prenea; the prooeaa of grinding laala for abont 
turanty-flre minutea, picvioua to the aeea being traniferred to tlie next operation. 

Tlie fourth operation consiata in licating the gronnd aeed in the heating kbttlu. Figs. 5896, 5809. 
Fig. 5898 U a Tertical section of the heftting kettle, and Fig- 5899 a pUn, Thu kettle It heated 




) above the other, eAoh ol' 

,-- - „ J internal oaaing or inside kettle D, with a 

anffloient apace leR between the two caaiags round the slciea and at the bottom to allow 
free cironlation of the steam. The iteam is admitted by the pipe E, and the condeowd water 
pnmca off at P from the bottom oF the kettle. The shaft G givea motion to two arms of 
stirrers H, H, in each coamber, revolving at tlie rate of thirty-six revolntions a minate. which 
keep the si.'ed constantly agibited %o tliat every particle of it ma; come in oontaot with the 
heated lidet an.l bottom ci tlie kettle. The upper chamber A is covered with a sheet-iron 
lid I, through which the keltle is charged. In heating Ihe aeed the upper chamber A ia Slled 
flrst, and the seed ia flowed to remnin in it f>om ten to fifteen minutes : Ihe elide J ia then 
withdniwn, and Ihe aeed falls through tlie opening K into the lower chamber B. where It 
remains until it is required to be taken to the press : the door L is tbeu opened, and the whole 
of tbe ated Is dischai^H fi^m the chamljer B by the action of the revolving sliirers H. The 
seed falls through a funuel H, under which is placed a bog of suitable dimensions to oontain 
a snftlcient quantity of seed to make a cake weighing 8 lbs. after Uie oil is expressed from it 
F.avh of the cliambers in the heating kettle nill contain sufficient seed for charging one single 
press; the he«tiog of the seed is therefore a continnoua operation of lirst ohar^inx the upper 
cliamber A, and tlieu allowing tbe seed lo peas into the lower one B, in which it is heated to 
170° Falir.. and is then withdrawn and placed iu tiie bags. 

Fig. 59UU is another descrifition of kettle, of a much simpler though leea efTMtlve kind. In Ihts 
caae the seed is heated on a hot heartti A. being confined nitliln a loose ring D; a spindle C with 
two arms upon it revolves inside tbe ring, keeping the seed stirred while it is being henteJ. When 
the teeil Iibb bemnie anIBciently heated, tlie spindle and ^^ 

stirrers are raided a snttlcient height above tlie top of the ^^ 

ring by tbe handle D ; and the ring being loose on the 
liewth, the seed is drawn forward by it and scraped into bMNl 

the bag E. In this instance the aeed is exposed to the 
atmosnhere, and there is therefore a large amount of heat 
wasted. It is also liable to become overheated and 
spoiled, and upon the whole this is a more tronhleeome 
operation, as each ring holds tml; sufficient seed for one 
bag. 

The bags after being filled are placed separately 
between what are called the hairs, which ate bags made 
of horsehair with an external covering of leather. Tlie 
same deaeripticm of bags and hairs ore tued, whether the 
oil ia eipressed by means of the stamper, screw, or 
hydranlia press. . 

The flDMl operation of expressing the oil is effected 
in the screw press, Fig. 5901, by means of ao ordinair 
square-threaded screw A, by whioh tlie bog of seed is 

compressed between the bottom of the box U and the movable date C. The power is applied by 
meiins of a loose lever inserted between stnds fixed in tbe plates D, wliioli aie attached to the screw. 
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The presB may he made in a Tertioal form, and may also be made to lie horizontallyt and to be 
worked either bv hand or by power. A very large amonnt of preesore may be obtained by one 
of these preeses, bnt the wear and tear and derangemeot are excessive. 

The stamper press, Fig. 5902, consists of a long rectangular cast-iron box A, open at the top, at 
each end of which there are two plates, be- 
tween which one bag of seed B is placed, 
yielding a cake weighing 9 lbs. ; next to one 
of the inner plates is pla^ a fillinfl;- up piece, 
then an inverted wedge C, then another flUing- 
up piece, after which is introduced thevertic^ 
driving wedge D, and lastly anotiier fllling-up 
piece U inserted between the driving wedge 
and the otlier inner plate. As soon as tlie 
bags B have been placed vertically in the 
press-box in the usual manner, a stamper E 
made of wood, about 16 ft. long and 8 in. 
square with a fall of about 22 in. in the final 
stroke, is allowed to fall at the mte of fifteen 
strokes a minute, for a period of about six 
minutes, upon the head of the driving wedge 
D, which is sufficient to drive it down level 
with the top of the press-box A, the stamper 
being worked by two cams or wipers on the 
revolving shaft F. Bide by side with the 
stamper E is a second stamper G, immediately [ 
above the inverted wedge C, which is held 
suspended at a fixed point by means of tlie 
lever H while the first stamper E is in action ; 
but as soon as it is time to remove the bags, 
the stamper E is raised by means of the 
lever H above the point at which the cams 
come into contact with it, and by the same 
means the other stamper Q whicn was pre- 
viously suspended is allowed to fall upon iho 
inverted weclge G, driving it downwards and 
thereby releasing the working wedge D, so 

that the attendant may remove tiie bags and repeat the operation. A press like this will not do 
more than about 12 cwt. of cake a day. 

The last mode of expressing the oil is by means of the hydraulie press, which may fairly be 
said to be the most approved system that has yet been adopted. This press is simply Bramah's 
press arranged specially for the purpose of expressing oil. 

Blundeirs double hydraulic press is shown in Fig. 5903, and in detail in Figs. 5903 to 5906. 
Figs. 5903, 5904, are a vertical section of the press with an elevation of the pumps ; Fig. 5905 a 
sectional plan of the press with a plan of the pumps ; and Fig. 5906 a longitudinal section through 
the press-boxes. The double hvdraulic press consists of two distinct presses A and B, supplied by 
two pumps G and D, one of which G is 2^ in. diameter, and the other D 1 in. diameter, both connected 
to each aistinct press-cylindei; by means of hydraulic tubing E. The stroke of each pimoLp is 5 in., 
and they make thirty-six strokes a minute ; the larger pump G is weighted to 740-,lbs. on the equaie 
inch, and the smaller D to 5540 lbs. a square inch. The diameter of the press-rams F, Fig. 5906, 
is 12 in. and the stroke 10 in. Each press is fitted with four boxes O, G, and receives four bags of 
seed in the spaces H, H, producing in all a weight of 64 lbs. of cake at each operation. After the 
heated seed has been removed from the heating kettle and placed in the canvaa and hair bags, 
which is done as speedily as possible, so that it may retain its heat, the attendant first fills one 
press A, and opens the communication between the large pump G and the charged press A I by 
means of the valves I, which causes the ram to rise untu there is a total pressure of about 40 tons 
exerted on the press ; the safety-valve connected with the large pump G then rises, and is kept 
open by means of a small spring catch. Whilst this operation is going on in the first press A, the 
second press B is being fillea in the same manner ; the communication is then opened between the 
large pump G and the press B by means of the valves I, the safety-valve of the pump G having been 
replaoed in its original position ; the ram of the second press B is then raisea to a oorreeponding 
position with that of the first press A, when the safetv-valve of the pump G rises a second time. 
The communication between the large pump G and the press B is then closed, and at the same 
time a communication is opened by the valves I between the small pump D and the presses; 
and the extreme pressure exerted by the small pump D, amounting to aix>ut 800 tons, is allowed to 
remain upon the rams for about seven minutes from the time that they were first brought into 
action: this, together with three minutes allowed for emptying and charging the press, is the 
full time required for expressing the oil in the mo&t efiectual manner. The oil in leaving the 
seed passes tnrough the canvas bag, and then through the hair bag, where it finds a free exit at 
the edges ; thence it runs into a channel or groove K which passes round the upper portion of 
each press-box G : a communication is made from one box to another by means of piping L, so that 
the oil passes from the upper boxes through the lower ones, and thence into the cistern, which is 
called the spell tank, being just large enough to hold the produce of one day's work. These 
presses are not worked with water ; it Hias been found that oil which is not of a glutinous descrip- 
tion works much better, and keeps boUi the pumps and presses in a better condition. It is scarcely 
possible, if the presses are properly construcied, that they should meet with any aocident ; this can 
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ooly oooor where thnnigh oueleMueaa mu exoewive wcdght 
U pUoed upon the aare^-Talve lerera, or when the nlvM 
themMlvea ve allowed ta itiok throngh want of cleniilineae, 
bom the attendant Dot t&kJQg care lo remove the oil which 
■mnatlnw becomes ok>tted roimd the Tolvea. Eai-h of theee 
preaaea b ekpable ot produomg 86 owt. of cake a da; of 
eleven hoara, and the yield of oil may tie taken at abont 
14 cwt in the aame time ; thia of counie depends much upco 
Ihe n»tlli« of the leed. The cake is trimmed or paj^d at 
the edges by means of a small pniing )mife, after which it 
it'pnt into a kind of rack to allow it to oool and dry, bo that 
it trill not beoome mouldy when slached. The oil ia pmnped 
fiom the spell tanks into larger tanks, capable ol hulding 



btm 25 to 100 tons, where it la allowed to tematn tat 
BOine time for the pnrpoae of settling, pievions to being 
bnmght to the marW in that coaditioa. or to nndergoing 
nrions other prooeasea anoh a* reOniog. 

Piga, 5907, 5908, are an ele»«tii»i and plan of a Uii- 
aeed-oll mill, by Martin Samnelaon and Co., Hnll. The 
whole of the machinery ia driven from one m^ ahatt, 
Imned by a vertical steam-eneine at one end. The pre- 
limlnaTT piooeaa of sbakine is here dispensed with, and 
the raw linieed, from St Peteiebnrg, weighing 62 lb*, a 
Imahd, is in the flist place paawd Ihrongh a pair of 
netal loUen 22 in. in diameter and IS in. loog, which 
are capable of rolling or cnshing flat Ibiee quartera cs 
aeed an boor. For grinding, two etonea are emnliwed, 
of Derbydkiie gwgritone, 7| fi in diameter and 16 in. 
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thick, bevelled off at the edgm to 12 in. broad, and weighing 9 tons eoeh : they run on e stooe bed, 
with an iron lim ot tnmKh, whioh revolTea and turoa the Btonet on their axes, uid lound the Teitical 
axis of the trough. 

In the nozt or heating process, the kettles into which the «eed is pluced are oonBtruoted with 
afeam-jaaketB or ceeings, from which they and their oontuDla are heati-d to 90°, the seed being 
atirred by bladea revolving on vertical azlea. The bags into which the seed ia meaaiirod from the 
kettlea hold 10 lbs. of seed each, the horeehair wiappen into wliicb they aro deposited l>eiDg 2} fl, 
long. They ara neit placed in tiara of four bage each, in foui hydiaulic preasea, making in all 
aiitecn baga. The preasea are worked in aeparate pain, with two dietinct doable pumpa to work 
them. The oil paoaea away by cbannelainlo the apeU tank, whioli, aa we Lave already stated, ia 
jnat large enoagh to hold the produce of one daj'a operationa. The oil ia pumped fhim the apell 
tank into larger tuika, capable of holding from 25 to LOO tooa of oil, where it romaina for aome tuntt 
toaettle. 



Thia oil-mill. Figs, 5907, 5908. ia capable of craahing abont S2 quarters of linseed a day of 
twelve hours. It produoea from that seed from 4} to 5 tong of oil-oake, and about 2 tona of oil. 
The total weight of the machinery ia &om SO to 60 tona. 

Flour-nuUt. — The four methods at present in nae for raodaoiog flour are by the Bnchboli ^stem, 
the Hungarian ayatem, by Carr'a dtaintegrator, and by the ordinary Engliah plan of grinding 
by millatooea. 

Thomaa Carr'a diaintegrating floor-mill, as deaoribed by him before the loatitution of He- 
ohanieal Engineers in 1872, ia ahown in Figa. 5909 to 59II ; Fig. 5909 ia an external aide elevation of 
an entire mBobiiie< 7 ft. diameter : Fig. S9I0 a tranaverae aection taken through the centre of tlie 
machine: Fig. 5911 a longitudinal aection of the two rotating diaca vrith a portion of their tMpectivr 
■hafta ; Fig. 5912 ahovi a portion of the tranaverae seation to a larger acale. 

"^ " ^ ■- -» ^- -' -^--mlar disoB A and B, Fig. 5909, rotatine in oontiary direo 

D the same line ; theoppodDgfoocat^wediaosareatodded 
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with a series of short projecting bars or beaters, arranged in soooeesive concentric rinfts or cages : 
and the rings of beaters fixed in one disc intervene alternately between those fixed in the other 
disc, and revolve in the opposite direction. The solid cironlar dtso A, keyed on the left-hand shaft 
D, Fig. 5911, carries the third cage or ring of beaters, counting outwards from the centre, and also 
the fifth, seventh, ninth, and eleventh cages, all of which therefore rotate the same way. On the 
right-hand shaft £ is keyed a small inner disc G, into which are riveted the bars of the two inner- 
most cages of beaters, their other ends being riveted into the right-hand annular disc B, which is 
thus carried by them; this aimular disc in turn carries the fourth, sixth, eighth, and tenth cages, 
which with the two innermost all rotate in the contrarv direction to the cages carried by the lefV- 
hand disc A, as indicated by the arrows, Fig. 5912. The two innermost cages are both fixed in the 
same disc, so as to rotate both in the same direction, in order thereby to ensure distributing the 
material more effectually through the machine by the centoifugal force. The cages of beaters are 
of successively increasing diameters, and consist of |-in. round steel bars, with clear spaces between 
of about 2 in. in each direction ; the outer ends of the bars in each cage are tied togetner by a ring, 
shown in Figs. 5910, 5911, and to a la^er scale in Fig. 5913. 

The two shafts D and E are placed in a line, their rounded ends just touching each other, or 
nearly so, in the centre. Fig. 5913 ; everjrwhere else ample clearance Lb allowed for enabling the two 
halves of the machine to rotate entirely independent, acting only in unison as auxiliary to each 
other in pulverizing the material that is being operated upon. The shafts are each mounted in two 
plummer-blooks on a heavy square bed-plate ; and a driving pulley is keyea either in the middle of 
each shaft or at its outer end, as may be found most convenient for the driving straps, one of wMch 
is a crossed strap and the other an open one, so as to drive the two halves of the machine in opposite 
directions. The revolving cages of beaters are enclosed within an external casing F, Figs. 5909 to 
5911, which has a centre opening in the right-hand side, corresponding with that of the annular 
disc B. 

The grain is delivered down a fixed shoot G, Figs. 5909, 5911, through the centre opening of 
the outer casing, into the innermost cage, from which it is instantly projected through the machine, 
and delivered in a radiating shower from every portion of the circumference into the outer casing, 
in the form of meal, similar to that thrown out by the ordinary millstones ; to this state the grain 
is reduced almost instantaneously by being dashed to the right and left alternately bv the bars of each 
of the successive cagps revolving in opposite directions at a very high speed. As it falls to the 
bottom of the casing, the meal is continuously removed by tiie ord&ar]^ rotating screw H, Fig. 5910, 
used in flour-mills; it is then passed through the usual bolting machines to separate the bran, and 
subsequently through silk dressing-machines to separate the fine flour tiom the semolina. The 
latter is then winnowed by an exhaust current of air in a machine for that purpose, so as to free 
it bom all finely-powdered bran, and is afterwards ground between millstones, of which three or 
four pairs are kept for the purpose ; the fiour resulting from it is added to the fine flour produced 
at the outset by the disintegrating flour-mill, and to ensure perfect intermixture the two are then 
passed through the silk dressing-machines t<^ther. 

The course of a particle through the disintegrator is illustrated in the diagram, Fig. 5914; the 
circular arrows show the reverse direction in which the alternate cages rotate, and the straight 
arrows at different angles show the zigzag course of a particle of material as it flies off at a tangent 
from each cage, beiog struck alternately to the right and left, and projected thereby at a speed 
equivalent to that at which the bars of the cage last striking it were rotatmg ; the force of each 
blow is thus increased by the momentum of the material, which is moving in each case in an 
opposite direction to that of the beaters it next meets with. As the material becomes more finely 
pulverized in its course outwards through the machine, and the particles have consequently less 
inertia of themselves to act as an abutment for receiving the blows of the beaters, a greater force of 
blow is necessary, in order to continue the pulverizing process. This increased force is supplied by 
the higher velocity arising from the larger diameters of the successive rings of beaters which the 
material meets with in its passage outwards. The machine is driven at a speed of about 400 
revolutions a minute ; and the outermost ring being 6 ft 10 in. diameter, the last beaters have a 
Velocity of 140 ft. a second, or about 100 miles an hour; this is double the velocity, and con- 
sequently gives four times me force of -blow of the innermost ring of beaters, the force of blow 
being proportionate to the squnre of the velocity. 

In this mode of action, by the f^ee blows of the beaters upon the material, the friction and com- 
pression between the machine and the material, which are involved in all grinding, crushing, or 
stamping processes, are avoided, this mill being the (mly machine that does not act upon the 
material bt;tween a pair of surfaces ; and as the waters do not strike upon any solid abutment, the 
whole power employed is usefkdly expended in pulverizing the material, excepting only the portion 
of the power absorbed by the resistance of the air to the rotation of the biters. This mill has 
the advantage of unusual freedom from risk of injury by the accidental introduction of any 
anauitable substances, such as pieces of metid; any such substances are freely ejected by the 
centrifug:al force, without the possibility of any soueezing action being exerted upon them. The 
machine has not any tendency to become chokeo, nor are any workine parts liable to get out of 
order, as the two sets of beaters revolve entirely clear of each other, and the beaters never come in 
contact with anything but the free particles of the material that is being pulverized. The beaters 
being of steel, and coming in contact only with the grains of wheat, are not subjected to any per- 
ceptible wear, and keep at work continuously without ever requiring any dressing or attention. 
But with the ordinary millstones, a surplus supply of stones, amounting to one-eighth of the whole 
number, has always to be kept out of work, to allow for the dreesins and sharpening which is 
usually reouired to be done upon each pair of stones after about every four days^ work. 

Two or these disintegrating fiour-mills in regular work for twenty-two hours a day at the 
Bonnington Mills of Gibson and Walker at Edinburgh haye proved sucoeasful during a year's 
continuous work. 
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The work tCKulaily gnt tbrongb b; each machine of 7 ft diametei (unoonts to 20 qnsrtais 
of obekt or 160 buBheU an hour; whici would require as many aa twenty-Beven paiw of ordinaiy 
mtltstonea in full work, taking tbe average duty of each at 6 bushda an hour. A further 
Bnpply of three or four pairs of etonea under tUe droaBet'B hands would be required for keeping 
that number at work ; but these are compcnaatod fbr by the tlirte or four pain of flniabint; etonea 
which are used with the disintegratiag mill for grinding the granular portion called aemalina, 
as before explained. 

Tlie diaintegrating flotu-milla at preaent in nse are made with fourteen rotating cages, aa in 
Fig. 5913, instead of only* eleven cages, as in Figs, 5909 to 5911 ; but the fourteen hare been 
fonnd to be more than are Deceeaar;, while one mill also in use that haa only eight is found 
Boarcely sufflcient. The beaters are alio made much shorter now than those hitnerto used, being 
only 3 in. long in the clear, ae in Fig. 5911, instead of S in. aa in Fi)C, 5913, in order to bring the 
discs so much nearer togetber, and dmiluish proportionately the loss of power in churning the air, 
which was found in the experiments made at Edinburgh to be more serious rhan. bad been at all 
anticipated. The otpacity of the maohiae with the reduced widtli will still be far beyond the 
Toquirementa, when opemting.on only 20 qoartera of wheat an hour; for the velocity of the 
nmterial in passing through the mill is so gieat tliat a mere fraction of a second elapeea f^om 

eiitmnoe lo eiit of any given particle, and hence there c "■ "■ ' — •---"■-■•- -• 

the material in tbe machine at any 

bars being now but little more than mere pegs, me iie-rmga ai ineir exiremmes are airaensea 
with, Fig. "5915, being no longer neoessor; for so light and small a material as wheat. By the 
oinissiou of these tie-rings the aucceeaive circles or cages of beaters can be placed much nearer 
tbe circumFereuce, whereby their respective diameters, and consequently their speeds in feet a 
Booonil, are proportion atfly increased. The machine is remarkable for its simplicity of oooatruo- 
tion and non-liability to deteriorate in efficiency in consequence of wear, and for its large produo- 
tion and tbe saperiority of its work ; and also for the very small spaou it occupies, in comparison 
witfi that taken up by the twenty-eeyen pairs of ordinary milJAtoues which are required lo perform 
the same amount of work. 

Bachholi Proceu. — In order to render clear the operation of the Bochholz maohinea, states 
W. Proctor Baker, to whose paper in the Proceedings Inst. M. E., 1R72, we are indebted for our 
information respecting this process, a brief description is desirable of the nature and structure of 
the gmin to be dealt with. The covering or akin of tbe wheat is composed of three different layers 
or coals, as shown in the magnified diagrams. Figs. 5916, 5917. Within these is the true grain, 
oonststing of the central Qoiiry body of the oom, the germ or embryo, and two membranes. The 
central body of the oum is bailt up of minute flour-cells of irregnlar Bbapes; and ail tbe other 
portions of tbe grain together compose the bran. The three outer ooals and Uie outer of the two 
membranes are composed prinotpally ol' ligneous tisane, and constitute 3 to 5 per cent, of the whole 



; 3, EnJocarpli ; J, Testa me-nbmne; 
le biiui,— T, I'iriaiKrmLini ; —Flour-ceils. 

The inner of the two membranes satroandiDg the flonry body of the grain oontsins in its cells 
tbe principle named oerealine, which wm disaovered some yrars ago by the French chemist, Mi^^ 
Mouri^ by whom it has been shown that the good or bad colour, the fineness of texture, and even 
the flavour of bread, depend upon the absence or presence of cetealtne in the flour, and that flour 
not containing cerealine makes better bread than flonr in which it is present. Practically, floor 
containing cerealine produces bread of a brown colour, and the bread becomes browner ss it becomes 
stale : while Bonr free from cprealine produces white bread, which retains its colour unimpaired for 
a length of time. Cerealine is believed lo exist in all parts of the grain, and it varies in colour 
aoDording to its position in the oom ; but the moat noxious cerealine is contained in the cells of the 
ioiiernkoat memlmne, and its dark black ^anictei is rendered appiirent by mixing bran with white 



floor; the reiult in baklog l» not, 
M m'g^lbKTe been expected, white 
bttod with flakee of Inn in it, but 
■I (littinctly brown loat. The flonr 
trora the centre of the grain is tho 
Bnett nnd beet . tliftt 'Obtained from 
the lajers near the membiMiee ii 
inferior. 

The object of the Bnehholc pro- 
oem i» to produce vhal may be 
termed trae flour, that i«, the aab- 
Btance oonlained in the oeotta) 
body 'of the graini of irheat, ac vx- 
traoted from them that it i* tree 
from any admixture of tho coats, 
and as n'ce as pouibla from Derea- 
line, and ia in a flue granular state, 
not cnuhed to powder by preasore 
or smashing. )n contrast with this 
pnre aubxlDnoe, the flour of com- 
merce is rMlly a fine meal, consist- 
ing of a mixture of true flonr, hnn, 
and dust; aod there are no nuaoa 
in existence by which these vaiioiu 
subatanoee can be separated after 
onoe they liave been mingled to- 
gether. The object to be attained 
in the BachhoU system Is therefore 
to remore so moch of the coats of 
the grain u can be taken away 
without risk of injuring or removing 
any portion of the more Taloable 
■ubstenoL of the interior. There is 
no reason why the attempt should 
not be made to strip the coat off the 
grun by the same prooeas by which 
the interior paition is rednccd to 
flotu, and at toe eame time at wliich 
the reduction la efl'ected. To ao- 
eompliBh the piooees of deoortication 
numerous plana have been tried, 
and many diflerent maohinos in- 
Tonted, some of which have done 
their work well for u time; bnt 
•ooner or later the grain operated 
upon baa piOTed too strong end 
lurd, and the machine*, if their : 
work WM perfectly done, haTe 
always worn ont, whatever their 
construetion, or whaterer the ma- 
terials ot whioh they were made. 

The hnlling machine, Figi. 5918 to 6920, 
has been invented and constructed by Boch- 
hulz to overcome these difflcnltiee; and after 
considerable experienoe it has been fonnd to do 
its work with tnorough efficiency, and to stand 
the test of wear. It consists of a series of revolv- 
ing cast-iron discs A, fixed on a vertical spindle. 
midcing about 350 nvolutions a minate, and 
funished all round the circamferenoe with thin 
hard steel blades B, set radially and at right 
anglee to the plane of the disc. These blades, 
of which there are twelve to sixteen to the inch, j 
are separated by pasteboard pa<Ungs a little 
(mailer in width and length than the blades, 
so that the edgea of the Utter project, as in ] 
Figs. 5921, 9921. In the ouone of time the 
•teel bladea we«r down, so that their edges be- 
oiKiie level with the pasteboard packings, and 
these are then ont away In order to expose again 
tbe edgee of the blades. The discs revolve 
within a eylindrical casing, which is lined on 
two oppodta sides with steel blades 0, 0, Figs. 
0918, 5920. aimllsr to those on the discs, a 
oleaimooe (rf | to } In. being left all ronnd the 
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diaca: andibeoaginghMopenwirewoAD, D, in thetwointerretiiiigpoTtiaiiB of the einnunfeNnee, 
Fie. 5920. Between eooh revolTing diM is a fixed buduIbi dbc £. fumiBhed on iU upur aide wiUi 

a Bimilor arrangement of steel bUdM, Mid situated jiurt below and above tiie circle of Sladea in tha 
two adjacent revolving discs, thus dividing the macbine into a oeriea of horlxontat compartmeDte. 
Holes F, F, are made at interraU in the aonnlar discs, and are closed to aaj required extent by 
regulating slides I, I. 

The graio, fed in through a pipe in the cover of Ihe machine. Fig. 5918, pasaea down between 
the edge of the blades B on the flist revolving diso and the fixed blodea C and E in the casing: and 
tlion passes down throngh the holes F into the next comptLrtment below, and ao on throDzh the 
Buoceasiie oompartmsnts to the bottom. A portion of the akin is removed from the grain by the 
action of eaoh revolving diso, and tlie particles out off escape through the wirework partione D, D, 
of the casing, Fig. 5920, a constant current of air being made to pass down through the machine 
for aiding their removal. The regnlatiOK slides I closing the holes F in the fixed annular discs. 
Fig. 5920, aSbrd the means of tetaininr the grain a longer or shorter time under the action of the 
blades in each compartment of the maobine, and bruslies formed of plates of sheet indja-rabber are 
inserted in the casing at H, H, for pressing the grain close up against the levulving diaos. The 
cleaned srain is delivered at the bottom of the machine into the sponts J, J. Fig. 9916. The 
machine being built up of a series of oompaitments, all precisely the sams. its outtuig power can 
at an}' time be readily increased or diminished accordiug to the uatare and quantity St the grain 
onder treatment, by increasing or <1iminiahing the number of the sompartments. 
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sarj that the edges of the blades should always be shani ; and snob la the nardness of the ooat of 
the wheat grain that the keenness of edge ia taken off the steel blades in a few hours ; but trhile 
the sharpnesa ia being worn off the front cutting edfe of the blades, a aharn edge is Ixiing set np 
on the opposite side of the bladea so that it is only neoessair to reverse the direotLon in wbioh 
the discs rotate in order to bring the sharpened baok-edges to bear upon the grain. The machine 
is anpplied with reversing gear K, Fig. 6918, and in praotioe the direction is reversed about every 
twelve hours, the machine being thus self-sharpening. 

The cutting action of the hulling machine is perfectly under oontrol, eo that either a large or a 
small quantity of the skin of the grain can be removed, as desired. It is possible with this machine 
to remove absolutely all the brown matter from the grain, preserving perfectly the shape of the grain 
and making on waste of flour. Many other machines are excellent poliehera of grain, removing 
the outer skins to Ibe eitent of 1 or 2 per cent, of the whole grain ; but as these onter akins are 
nearly transparent and oolouiless. the advantage gained ia not very great What ia required for 
real ntility is that the inner membrane of the coat of the grain ahoidd be cut into, and as mnch as 
possible of it be removed. A sultstantial advantage is gained only by the removal of a considerable 
quantity of the covering, to the extent of at least 7 per cent, of the wLcle grain, or more; for the 
worst and most deletenons of the ceieatino is then got rid of. The appearance of the parings 
obtained by the use of this huUer ahowa the ntility of removing them from the wheat. They form 
a dark aolt greasy substance ; and the presence of any of this, even the moat minute portion, in 
flour, is tuiwnis fa> the appearance and quality of bread. It is, however, a must excellent food foe 
cattle and pigs, and its market value ia about the same as that of bran ; so that thefe is soMcely 
any loss by lis removal before grinding the wheat. As ft ia very important that the wheat abonla 
be oconpletoly freed from the most minate putioles of this Dosioai dust, berote II is groond, the 
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vbMt delivered from the liiiller, with lo mnoh of (he dust aa hu not been drlTen off (hrongb the 
wirework of the curing, ia led to a Bepatstor oorered with wire, to sift oat everj particle of dmt ; 
•nd It i* Terj neeful to eipoee the stNam of wheat to tlie action of an eibanit fan, to eanjr away 
■nj floatinR urtidea. 

The hiJlinK maohine oceupiee little roMn ; It reqniree little attention sRer it hu onoe lieen set 
properly to work, and it wilt work for twelTe months irithont reijairing repairs: wlien worn, all 
that is wanted ia a new set of blades, which can be refitted expeditidusly and cheaply. The power 
required to drife the bailer T&ries with the deaoription of tbe wheat passing through it ; about 10 
to 12 horae-power is reqnlred to drive a machine that will deoorticate about i to 5 quarters of whtot 
an hooi. The whole of this power, however, is saved in the subsequent grinding proceso, if the 
wheat be groond in the decorticated state ; for having then been deprive of its hard tough skin, it 
l»e»ks down fkr more eaailj than wheat in tbo natural slate, and a pair of millstones grind a far 
larger qnantit; an honr, and reqairemaoh less power lo drive them. The commercinl value of the 
operation of this hulling maohme varies with tlie quality of the wheat used. Tbe worse tbe 
wheat, generally speaking, tbe more is it improved by this process ; and tbe very blown Danubsy 
Banat, and Russian wheats are Uuwe upon wbioh the f^eateet gain accmes. On the better qualities 
— American, Baltio, and other red wheat* — the advantage is less, and with fine white wheats it ia 
leest The superiority in qualitv of the flonr produced is not only in its cotonr, but also in ita 
smoothness of texture and Btrengtn : and tbe bnlling maokine is therefore by itself of great value, 
even in cases where tbe wheat is gronnd at oooe on leaving the huller, without undergoing the 
further process about to be deaoribEd. 

The hailing maohine is not intended to remove the whole of the intain' membranes of tbe 



,__ ., .,^. . >e to scrape this fine internal portion off tbe membrane^ 

leaving the oelli oontarotDg the cerealine undisturbed in the form of bran. This is what Is acoom- 
pliahed in the next itage ^ the Bnobbol* ptooeas ; Uie grain ia ripped open, and tbe flooi-oells are 
tora and MruMd awH bmn the boui. 

Fig*. 5923 to 592S are of tbe semolina mill, by whiob theM operationt are performed ; semolina 
signifying a material wbioh hu been half ground. The chief feature of tbe maobioe is that its 
operations are effected by a lerlec of pairs {^grooved steel rollen L,Ii, mnniiig at differential 
rpeedM ; these are shown to a la^er Male in Figs. S92T, B»28. The first pelt of rollen, at the 
top of the mill, do that which ha« been described as ripping open the grain; and for tbia 



purpose the surface of each roller is cut into diamond points, mne to tbe inch, as 

in Figs. 5929, SB30. The remaining pair * " 

tear away from tbe bran the interior poi „ __ . „. . 

longitudinally, •■ shown full size in Figs. 5931, 5932; there are eighteen grooves to the inch 



Igs. 5929, SeSD. The remaining pairs of rollers aro all intended bv cutting and sotapiog to 
' ■' ' "" rollen ■ ' 



X away frtm tbe bran the interior portions of tbe grain. These rollers are therefore grooved 

igitudlnally, •■ shown full size in Figs. 5931, 5932; there are eighteen grooves to the inch 

In the upper rollen, and tbe lower ones ate gradually finer grooved, op to twenty-eight to the inch. 



The best arrangement of this miU is lo plaoe the loUen la in ilsa. 9923, 89H, K that tbe Ihit 
roUera of each pair can he driven from central shafts by spur-gearing H, the slow roller ofeaohpalt 
being diivan thiong^spnr-wttedlsbjthabstake at exaMly one-thlid the speed) and tlte alow toller 
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in each pair runs at from 100 to 110 revolutions a minute. Under each pair of rollers is an osoilc 
lating sieve N, Figs. 5924 to 5926, to receive the stuff which has passed between tlie rollers ; the 
semolina and flour scraped off by the rollers pass through the sieve, while the larger bran passes 
over tlie tail of the sieve to be further scraped again by the next pair of rollers, and so on through 
the whole series. The semolina and flour passing through the sieves fall into the troughs P under- 
neath, and are delivered by the spouts R to the traversing screw S at the bottom of the mill, by 
which they are conveyed awny to the dressing or sorting reels. The bran finally discharged from 
the tail of the bottom sieve is conveyed away separately by the spout T. 

Semolina is produced on the Continent by breaking down wheat between millstones kept at suoh 
a di:itance apart that they cannot reduce the grain to flour at one grinding. The grinding has 
therefore to be repeated several times before the semolina can be detached from the bran ; and then 
by a labt)rions process of sifting by hand labour or by ventilation the semolina is separated from the 
bran. The objection to this plan is, that while only a small proportion of semolina can be obtained 
by it, a considerable quantity of flour of very poor quality is unavoidably produced, its inferior 
quality being due to its being mixed with the very small ana fine particles of bran which have been 
chipped off in grinding ; and these particles of bran contain the most considerable portion of the 
noxious oerealine. At tiie same time, the pressure necessarily employed in griudin^ has the effect 
of crushing some of the fiour-globules to dust, which is the most certain method of destroying their 
good qualities for bread-making. The millstone is indeed but a blunt instrument, and can do its 
work, like a blunt knife, only when assisted by considerable pressure. 

By the employment of the fiuted steel rollers, rotating at a considerable velocity and at differen- 
tial speeds, while fixed at a definite distance apart, the sharp keen edges of the flutes on the £ast 
roller act as a series of cutting blades, while the slow roller holds the material, but at the same time 
passes it forwards. The crushing action of millstones being thus avoided, a large percentage of 
semolina is produced, with only a small proportion of flour, the whole of the work being done by 
sharp cutting edges. The Continental system of grinding can be remunerative only in countries 
where a demand exists for the large quantity of inferior flour produced in the operation of grinding 
wheat into semolina, and where at the same time a very high price can be obtained for the beau- 
tiful flour which the small relative quantity of semolina yields. In making a comparison with the 
Continental system of grinding, it must be remarked, moreover, that the only kinds of wheat which 
yield semolina under the millstones are those of peculiar semi-brittle quality-; while tender mellow 
wheat gives no semolina, as its floury portion is pulverized at once into flour by the rubbing and 
orushlng action of the stones. On the other hand, by the Buchholz process, the whole principle 
being that of using a cutting instead of a crushing action, a large percentage of semolina is obtained 
from even the most tender native wheat, which would yield no semolina under the millstones. 

The bran as discharged from the rollers in this process at T, in Fig. 5924, is thick, and by no 
means merchantable, for it has not been sought to cut away from it the whole of the flour-cells 
next to the membrane, because it is desired to leave the noxious oerealine undisturbed. The bran 
may be ground through millstones, and the flour obtaincMi from it may be dreesed out in the ordinary 
way ; but as would be expected, however finely this flour is dressed, it will nevertheless bake brown, 
as it is the wornt flour the grain contains; and the fact that it is so is the very reason why it should 
be kept apart by itself. The remaining pi-oduce of the semolina mill goes all together into the . 
trunkd R, K, and consists of semolina large and small in size, the small pieces of bran of the same 
size as the semolina, and the flour which has been made by the rollers. The quantity of this flour 
should not exceed about 5 per cent, of the original wheat, and its quality is better than the flour 
made from similar wheat by ordinary millstones. The whole produce, except the bran, is taken to 
a silk reel, where the head silks dress out all the flour, and the silks at the tail take out the fluest 
semolina or sharpji. 

The remaining larger sizes of semolina and the bran of corresponding size are passed over 
a silk which sorts them into three sizes, and each of these is then freed from the small bran con- 
tained in it by the centrifugal separator shown in Fig. 5933. A small horizontal wood disc A on 
the top of a vertical spindle B is made to revolve at such a speed as will throw the semolina to the 
sides C, C, of a cylindrical case D. The bran being lighter cannot be thrown so far, and thus falls 
into an inner annular division E E of the case, while the fine dust falls into the centre compart- 
ment F ; and all are collected separately on a lower fioor from the spouts. The speed of the d:sc A 
in the separator, Fig. 5933, varies, according to the size of the semolina, frbm 250 to 650 revolutions 
a minute. The semolina is then fit for the mUlstones, to which it can be led either mixed or each 
sort bv itself, the fiour being afterwards dressed out. 

Where there are no millstones, a roller mill may be used to reduce the semolina to flour, con- 
sisting of rollers of the same kind as those used in the semolina mill, but with a much finer grooving. 
The result, says W. P. Baker, is a large percentage of fiour of great beauty and bloom, quite diffe- 
rent in appearance from anything that can be produced by the ordinary grinding with millstones, 
however finely suoh fiour may be dressed. In fact, however good may be the dr^sing, it is impos- 
sible by that means to restoire to flour the properties it has lost by bad grinding. By the roller 
prooess, flour can be made from wheat of poor quality, which cannot be equalled in grinding by 
millstones, even if the fluest wheat be used. The roller mill is equally adapted to all kinds of 
wheats, but the gain is naturally greater with coarse red wheat, containing, as this does, much 
brown matter. Many descriptions of red wheat aro sound and strong, and have no drawback but 
the bad colour of the flour they yield under the old plan of grinding by milbtones, and they may 
always be bought at a low price.. But with the roller mill, such wheats as some of the Banats, 
Hungarian, and Black Sea, produce flour which is better and whiter in bread than any that can be 
obtained by millstones from the best white English wheat. It is found, moreover, that flour &eed 
from oerealine produces about 10 per cent more weight of bread than ordinary flour. 

Although the Buchholz produces a beautifully white floor, the advantage of getting rid of the 
cerealine is much disputed. 



Fl|^ S&34 to 9987 repraasut the unngement of a flcatins ateam oonMniU, fitted bj 'Williuu 
FBiibaiin and Son^ in inn Mi«w-«teunera, uid used to supply the British army daring the Gdmefta 
mr ; Fig. S9U is a lonsitodinal Mction of tlie veeMl ; Fig. i^35 a plan of tlie Dmchiner;, with tha 
decks mnoTsd Mid paitlf In notion ; and Figs. 9936) G9&7, tnnsTetae teotions cf the tmmI. 
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The mill machinery is all driTsn bom the propelier-flhaft A, operated by the engines B ; and 
the whole of the proceseee are performed without the aid of mannal labour. The wheat ia stored 
in the fore hold of the yessel, and raised by an eloTator into the serew-oreeper 0, whioh conyeys it 
into the oom-dressine machine D, where it is cleaned and winnowed. Thence it is again conveyed 
by the elevator £ and the screw-creeper F into the hoppers G. G, for feeding the millstones H, H. 
The grain is fed to the stones by the nlent feeders I, first introanced by William Fairbaim, and now 
in general use in this and foreign countries. After being ground by the millstones H, the flour or 
meal is delivered into the screw-creeper K, which conveys it to the elevator L^ by which it lb deli- 
vered into the flour-dressing machine M ; it is here freed tiom bran and filled into sacks, having 
been separated into a fine and coarse quality. This completes the whole process. The propeller- 
shaft A is exposed under the mUlstones, but covered by an iron trough N in the other parts of the 
vessel. 

There aro four millstones, and these utilize 20 out of the whole 80 horse-power — ^the horse-power 
of the engine. 

The grinding of wheat was found to be performed quite satisfactorily whilst the vessel was at 
sea, even in a heavy swell, causing an excessive motion, which tried the fitness of the machinery for 
the work to an unusual degree ; the grinding whilst the vessel is performing her voyage being 
obtained from the same power that propels her. On one occasion when the vessel was steaming 
6} knots or 7^ miles an hour, ten sacts of 168 lbs. each, or 1680 lbs. of wheat, were ground an hour, 
and the mill was kept in constant work for thirty-five hours, and was found to run more rogularly 
than when the scrow was disconnected. 

In the ordinary process of grinding com, modem practice differs but little, in its main features, from 
that which has been in use for many centuries ; the com being caused to pass between two horizontal 
stones, placed nearly in contact with each other, and furrowed by grooves on their contiguous sur- 
faces ; the lower stone being immovable, while the upper revolvoB upon a spindle, and has a hole in 
its centre through wiiich the com is sdmitted. Various modifications of this method have been 
proposed, and, to a limited extent, adopted. None of these methods, however, appear to possess 



MIIL. 2601 

snob adTftnto;^ aato jDEtify tbeirkdapUon ia preference to tho eatftblished pnotife; which, dmple 
M it is, hu yet, in iU minor details, partakea so lugely of tlie moclmiical improvemeDts aF modern 
timeo, as to have chimged the cliaracter or the oom-mill frnm tt rude and unwieldy combiaation ol 
timber, stune, and IioDj into a higlil; eleg&nt and effloient pieoe of mEM^bmerj. 

Pig. S938 ia a longltadinat section ; Fig. 5939, section tliioDgh engine-house ^ and Figs 5M0 to 
S942, plana of the vuious floors of & large mill upon tho English plan, erected at Udeasa bjr Wm. 
Fairbaim and Sons, of Mauohstitor. As in most E^nglish mills of tbe present day, it will be seen 
that the pairs of stones e, e, are arranged in a single line, endosed in iron cases, and supported on 
strong iron framing dd. The power required to drive tbe mill is obtained from a ateam-engine gg, 
the flv-wheel h of which gears into tbe pinion upon the liorizontal shaft i ■', and the motion is then 
distributed on each side to tbe stones by bevel-wheels. The wheat, as it is brought tu the mill, is 
flrat delivered in its tuclsMied state into the wheat gamers situated to the left ol tbe bmlding 
FriHu these it is passed by meaiia of Archimedian screw creepers to tbe wheat soroen or smnt 
lYiix'hi"'^ where the whole grain is cleaned and separated ttom dust, seeds, and foreign subataooea 



■nd whence It Is dlstribnted by 
other crcepera into tho dean 
wheat bins : tmm these it posses 
by (he feed-pipes a, a, to the feed- 
hoppcn of Ihe tloam, wbcoe it is 



opinion exists anwng the mtll- 

aof the present dav re- 
the comparative advan- 
•pnr and bevel gearing 
as emplcved for driving grind- 
ing mudiinerr. When spur- 
gearing is emiiloyed the anangc- 
ment is as foUows : a great spur- 
wheel, fixed npon a vertical 
shaft driven by be*el-ge<uing 
from the prime mover, leTolves 
in the oeotre of a system of 
■tones, tho number of which 
rarely iiiceeds six: each of these 
is driven bf a pinion gearing 
iritothegroatspnr-wlteel, which 
tbosoommaodslbe whole simul- 
tanroualy. Into this question 
our limits do not admit of our 
entering ; in our eiamplM we 
have ohoeen the latter method, 
as being that mnat generally 
practised. We may, however 
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be permitted to enumerate a few of the more obvious adYantages attending the present system. 
Ist, it admits of the stones, whatever may be the number employed, being ranged in a straight line 
instead of in a circle, thereby economizing space and tending to a more convenient and economical 
disposition of the gamers and apparatus by which they are fed. 2nd, it dispenses with the cumbrous 
and expensive framework necessary for oinding together the parts of the system of spur-gearing. 
Srdly, it admits of the employment of wheel work of a finer pitch, and consequently of a more smooth 
and equable action, than could be used in the other case. And, 4thly, the use of bevel-gearing 
increases the facility of disengaging at pleasure any pidr of stones which may require examination 
or repair. 

We shall now proceed to describe the mechanism by which the various processes undergone by 
the grain, both previously and subsequently to the grinding, are effected ; and, to avoid repetitions, 
we uudl notice these processes in the order in which they occur. 

The wheat to be ground is deposited in the upper floor of the mill in the large gamer, from 
which it is conducted through a creeper into the screening machine. This machine consists of a 
species of cylindrical sieve, formed of wire cloth, and partitioned inside so as to resemble an Archi- 
median screw. It is mounted upon an axis, and revolves with a considerable velocity in the 
interior of a close box, in which it is set at an angle with the horizon. The com enters at its upper 
extremity, and, after being thoroughly agitated by its passage through the partitions in the interior 
of the screen, and thereby divested of the greater portion of the retuse with whiuh it was mixed, 
falls into a spout; being subjected, in its passage through this spout, to the action of a blast from 
a fan, by which the remaining portion of the sand and dust that escapes with the grain is carried 
off by a passage leading to itie exterior of the house. The grain, after being thus cleansed, is 
delivered into the creeper-box, by which it is distributed into the feeding bins. 

The elevator consists of a long endless chain of small buckets formed of tin plate, and mounted 
at regular distances upon a leather band passing over two pulleys enclosed within cast-iron frames. 
The uppermost of these pulleys is driven at a moderate velocity oy a belt, and the buckets, passing 
in succession the opening by which the gnin is delivered from the screen, become each charged 
with a small portion of it ; this they oonvey through the wooden pipes or boxes, in which they are 
enclosed, to the upper extremity of the chain, where they deliver their contents. 

The contrivance just described is applicable only to the raising of the grain or flour from a 
lower level to a higher. For horizontal transport, modem millwrif^hts make use of an apparatus 
called the creeper, which is a very happy application of a well-known principle to the abridgment 
of manual labour. The creeper is a long endless screw, with a wide pitch and thin threads, enclosed 
in a wooden box or trough, of dimensions slightly greater than its own diameter.^ It is made to 
revolve upon its axis, by means of a belt and pulleys, at a velocity corresponding with that of the 
elevators, and, being restricted from moving longitudinally, the threads of the screw force the gnin 
introduced at one end of the trough to the other. The action of the screw in the case of the 
creeper is identical in its nature with that of the endless screw in giving motion to a worm-wheel. 

The wheat which is supplied to the bin falls through the feeding pipes or spouts a, a, into the 
hoppers, by which the grinding apparatus is surmounted. After being reduced into flour, it falls 
through pipes^ into the creeper-box, Fig. 5940, by which it is transferred to an elevator. By this 
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elevator it is raised to the Bummit of the home, and carried by meauB of oreepers 6, 6, to the dreaBing 
machine. 

Thia machine, which is yery similar in external appearance to the screening machine already 
described, consists of a hollow cylinder, covered with wire cloth of different degrees of fineness, 
the finest being at the end which is most elevated. Within the cylinder, which ia stationary, 
a circular brush revolves, in contact with the wire cloth of which it is composed. The flour 
which is fed into the cylinder is, by the motion of the brush, sifted or rubbed through the wire, the 
finest through the upper end, the second through the next division, and so on, till the bran falls 
through the end of the cylinder, being too coarse to pass through any of the wires. The different 
products thus separated are then stored in sacks, or otherwise disposed of as may be most oon- 
venient. 

On the processes undergone by the com both previously and subsequently to the grinding, 
much of the success of the whole operation depends. In place of the wheat screen, an apparatus 
called a shelling mill has been employed in some establishments. This consists of a pair of 
nngrooved millstones working at such a distance apart that the grain is merely rubbed between 
them, but not cut or broken. From tlie stones it is received upon an inclined sieve, where the 
heavier parts of the refuse fall from it, and is then exposed to the blast of a fan, which deprives it 
of the remaining lighter portions. For dressing the fiour, bolting machines are very generally used 
either in combination with, or in place of, the dre&dng machines described above. 

The Stone Framing, — ^A strong cast-iron standard or framing securely bolted to a stone foun- 
dation by two holding-down bolts, encloses the principal part of the drivmg and adjusting gearing 
for each pair of stones. It is nuide in the form of an oblong box, and is traversed by two horizontu 
diaphragms or partitions, cast of a piece with it, the upper one for sustaining the footstep of the 
mill-spindle with its adjusting apparatus, and the lower for carrying the plummer-blook of the 
driving shaft. It is surmounted by a large bell-shaped casting, called the cone, firmly bolted, by a 
flange at its lower end, to the standard, while, the upper extremity is expanded, and terminates iu 
a cylinder, of a diameter somewhat greater than that of the millstones^ the lower of which, some- 
times called the bedstone, rests, and is secured within it. Two straight and broad flanges are cast 
at opposite sides of the cylindrical part, for the purpose of bolting the cone to the beams of the 
mill, or to the same parts of the framing of the contiguoi^s pairs of stones; while another circular 
flange passes all round, for sustaining the flooring. Three large openings are left in the upper 
part of the cone to g^ve access to the interior, and it is provided with suitable arrangements for the 
reception of the several adjusting screws required for the setting of the lower stone. 

ITie Stone Case and Feeding Hopper, — ^Above the cone, and of the same diameter with the cylin- 
drical part of it, is placed the stone case, which surrounds the upper stone, and serves to confine 
the flour which is the result of the grinding. This is simply a cylinder of thin sheet iron, resting 
upon the stone floor, and having affixed to the top of it a ring of wood, on which the tripod for 
supporting the feeding apparatus is set. This cover is made open in order to admit the air freely 
between and around the stones during the process of grinding. A cast-iron rin^, supported by 
three malleable iron legs, forms a sort of tripod in which is placed the hopper, which xeoeives the 
grain from the bins above, through the feeding pipe Or spoot, and supplies it to the stones by means 
of the feeding apparatus. A piece of coarse wire gauze is placed in the hopper, to interoept any 
foreign body that may descend with the grain. 

The Drivinj Gear. — ^The driving shaft is part of the line of horizontal shafting which is common 
to the whole range, and which receives its motion from the prime mover, generally through the 
intervention of a single pair of wheels. The velocity of this line of shafting is usually from seventy to 
eighty revolutions a minute, with stones of the diameter of those in our examples. The driving shaft 
revolves in brass bearinss, fltted into a plummer-block, bolted to a sole formed in the stundard. 
The strain of the shaft being entirely in a downwu^ direction, this plummer-blook requires no 
cover, the journal being simply protected from injury by a slight brass cap. 

A large bevel mortise wheel, working into the pinion on the mill-spindle, serves to transmit the 
motion of the shaft to the latter. These wheels are made with the greatest possible care and accu- 
racy, so as to work together very smoothly. The pinion is not fixed immovably upon the spindle, 
but is capable of sliding vertically upon it by means of a sunk feather. 

The Miil'Spindle and its Appendages, — The mill-spindle is made of the best forged iron, accurately 
turned over its entire length, and rises perpendicularly through the standard, the cone, and the 
lower millstone. It is attached to the upper or running stone by means of a cast-iron piece, called 
the rhind, which combines this function with that uf regulating and delivering the supply of grain 
to the stones. 

The lower or fixed stone Is perforated by a large square hole in its centre, into which the cast- 
iron block is firmly fixed by slipa of wood and wedges. Into this block are fitted three brass bushc^ 
which form the upper bearing of the mill-spindle. These are adjusted by means of wedges, the 
screwed toils of which pass downwards throu^b a cast-iron ring, and are regulatid by thumb-screws 
on each side of it Small semicircular chainbers are formed in the socket between each bush, and 
filled with hemp and tallow, for the lubrication of the mill-spindle ; and the whole is carefully pro- 
tected from dust by slips'of sheet iron screwed over it. 

The Millstones, — The diameter of the millstones most in use at the present day is 4 ft., and their 
thickness about 12 in.; one-half of this thickness is composed of French burr, a very hard, though 
porous mineral, of a silicious nature ; the other half is made npof plaster of Paris. In consequence 
of the difficulty of obtaining sufficiently large masses of the French stone, it is usual to construct 
the millstones m segments, which are cemented together, and the whole firmly bound by iron hoops 
passing round the circumference. The lower stone is, in the first instence, carefully dressed into a 
perfectly fiat, plane surface, but the upper one is made slightly hollow for a small distance from the 
central aperture, so as to allow the grain to be freely adimitted between the stones. Being thus 
prepared, grooves are then cut on the rubbing surfaces of both, in the manner indicated in Fig. 5969. 
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l%e nnmber of channeUi fonned in the stones, and oonseqnently the number of oompartments^ or 
quarters into which they are primarily divided, are yariea by different millers, but the mode of 
omwing the lines as here ^yen is applicable in all cases. The circumference of the stone is first 
divided into equal parCs ; Imes are drawn from each division to the centre ; these radii determine 
the limits of the gxooves in each compartment. A chord is then drawn, joining the bounding radii 
of any two compartments ; this chord is, of course, bisected by the intermediate radius. These are 
the outlines of the grooves, which are then to be cut into the stone, peipendicularly on one side and 
obliquely on the other, so that each furrow shall have a sharp edge. The direction of the grooves 
being the same in both upper and lower stones, as they lie on their backs in the position proper 
for being cut, it is obvious that when the former is reversed and set in motion, their sharp edses 
will meet each other after the manner of a pair of scissors, and thus grind the com more effectnuly 
when it is subjected to the action of the un oroken surfiRces between the channels. 

Adjutttnent of the Lower Stone. — ^It is of the most essentia importance to the proper working of 
any pair of stones, that the grinding surface of the lower stone snould be perfectly^ level, and uiat 
its centre should be exactly perpendicular above that of the lower bearing of the mill-spindle. To 
secure the former of these conditions, three pinching screws are fitted into the cone, that number 
being greatly preferable to four in adjusting the level of any surfaces, and, bearing against small 
slips of iron sunk into the stone, it can be niised or depressed by them to any required extent The 
centering of the stone is effected by means of four pinching screws acting horizontally upon it. To 
secure it against deviating from the truth after having been properly adjusted, all these screws axe 
provided with jam-nuts. 

Adjustment of theMiU^neUe. — ^The lower bearing or footstep of the spindle is also made capable 
of nice adjustment, both horizontally and vertically. The former is necessary in order to ensure 
the accurate working of the driving wheel and pinion, and the latter to regulate the pressure ofthe 
upper upon the lower stone, and to compensate for the changes produced upon both by the frequent 
dressing which their grinding surfaces have to undergo. 

The footstep, whicn is of gun-metal, is turned and fitted accurately into a oast-iron socket, 
resting on the upper diaphragm of the standard; the hole into which it is inserted, and the 
annular recess by which it is surrounded, being made of somewhat greater diameter than the cor^ 
responding parts of the socket itself. Its exact position is determined and secured by the four 
radial pinching screws passing through the ring, and working in nuts fitted into recesses cast upon 
its intoior surface. 

The Feeding Apparatus, — ^The supply of grain admitted between the stones is regulated by meana 
of a oast-iron pipe, open at both ends, the lower end being brought into close proximity with the 
rhind, while tne upper part encloses the pipe in which the feedmg hopper terminates. It is sus- 
pended by means oi a cast-iron lever. A simdl chain attached to the ena of the lever, and passing 
over a friction-pulley at the bottom of the stone case, serves to connect this feeding apparatus with 
an ingenious little piece of mechanism attached to the standard, by which the miller is enabled to 
regulate the supply with the greatest nicety. 

The Disengaging Apparatus, — The driving pinion is fitted upon the mill-spindle so as to be 
eapable of sliding up and down upon a sunk feather. When fully in ^ear with the whool, it r^sti 
upon a collar formed on the upper surface of a large brass nut, by which the miller is enabled to 
keep the pinion invariablv in its proper position with regard to the wheel, independently of the 
position m the spindUe, which requires to be slightly lowered every time the stones are dressed, 
nhen properly adjusted the pinion is secured to the spindle by a tapered key 

It is, however, necessary to throw each pair of stones periodically out of gear with the general 
range, to admit of their being dressed. For this purpose the tapered key is removed, and the pinion 
raiMd out of contact with the teeth of its driving wheel by means of a species of small jack or lift- 
ing apparatus attached to the standard. 

The Elevators and Creepers.— The materia] employed is cast iron ; the creeper is made in 6 ft. 
lengths, each length being in the form of a tube, 3j^ in. diameter, and about | in. thick, with liroad 
leaves or threads cast round it idfter the manner of an Archimedian screw. The thickness of the 
threads does not exceed ^ in. at the outer extremity. 

The different lengths of which the entire creeper is composed are joined together by short 
wrought-iron studs, forming also the journals on which it revolves. These are made with square 
tails fitted into similar holes formed in the centre of small cylindrical blocks, which are carefully 
turned on their exterior surfiaces and driven into the open ends of pipes previously bored to the same 
diameter. This construction at once ensures a strict rectilinear axis for the entire range, whatever 
may be its length. 

The following is a list of wheels and speeds for the mill. Figs. 5938 to 5942 ;— 
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millstones and upright 
cross-shaft to dressing 

machinea 
longitudinal shaft for 

screen creepers and fan. 
cross-shaft iu No. 5 room, 
longitudinal shaft for 

hoists and creepers, 
dressing machines, 
screen. 

fan under screen, 
creepers over bins. 
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atone ipindle, on the top of whidi ii fixed the belanre or nniveTMl rhinil D ouTrtug the nmnhiK 
■toiie; E IB the e]r»-boz, the upper port of wbich ii atUohcd to the top of the millatone oue, and 
tho lower Mrt sUdea within the npper put, and haa a oireulu valve &1 the aader aide, which Ib^i 
on A rlDS ntted to the eje of the running atone, thus caming the earrent of air wheo eitliet blova 
into or driven tliraagh the eye of the atone to pasa between the grinding aurfaoe of the millsloiiw: 
F U the hopper receiving Ibe gmin to be ground, and deliverine the aame to the iBnoer fitted to 
top of atone apindle, wbioh diatribntea it eqnaJlv between the sniface of tbe millatonea legnlated bj 
tl^ lever G). The feed-hopper F ia fitted to, and aiides in, a circular openine on the top pitte of the 
eye-box E. H ia the blaat-pipe for conducting the air blown into the eye r? the millatone ; I ia the 
ekhanat-pipe to take off the ative or dajnp air or plenum of air blown into the atone oaaee naed in 
Bovill'a ayatem of grlndinR; J is a revolving table borne on three or more rollera K fixed to tbe 
inaide of the atone caae. A rircular leck-whcel. Fig. G!M4, ia flied to the nndar aide of thia reveW- 
ing table. A pinion, forming one of the rollera, worka into thia oiionlar rack-wheel; this pinion 
being oauBod to revolve by bevel-gearing 1, 2, l>eing eet in motion by a rtrtp 8 from the atone apindle 
driving Ibe palley 4, on the apindle of wliich the bevel-pinion ia Bled. Thia cinmlar or revolving 
table haa an annalar opening around the eye-boi E, winch ellows the ative and moiat air to eeoape 
from (he ranncr-atone into tho npper part of the atone caiie, wliere the sfive or fine flour ia deposited 
on to the top of the revolving table, and rhe moiat air ia drawn away by the eitisnit np the spunt I, 
which ative ia awept off the revolving table by the sweeper L, Fig. 5944, which aweepa tbe stive or 
fine fionr down the annnlar apace on to the top of tbe mnner-atone, from whence it ia delivered 
down the meal-spout with the meal or ground flour. H i:t a bnlllins baud hung to tbe under aide 
of top (tf Bione case, which may be opened, more or leas, as required, l^ pulling the atring; thia ia 
to check the too rapid current of the air and stive up the eihanat-apout L and cause the depositing 
of the ative or fine flour on Ibe top of the revolving tabic. N, N, Fig. 5945, are two or more per- 
pendicular bnn of iron fiied to under aide of revolving tabic and revolving with it. To ^e lower 
end of thcM baia ia attached a leather atrap o, having angle-iron platea 6 fixed to the aide of the 





the ipaoe between tlie bed-etone uvi itone esse, deliTering the Buoe to tlie meal-cpoiit, thiu aiiUb 
ing to keep the itone* oool, uid prerenting the toonmiilAtion uid wmste of meal in the rtane cue. 

Fige. S946, 5M7, ue intended to ihow the method idopted of uiing ■ fixed tabU for catobiutr 
and depomting the ative on a fixed table jnatead of a reTolTttifl table. 

ToeaTe DipcnBc and economize apace a eet of etonea m» be unmged M in Fig*. SMS toS950, 
which show the bed-ptatee of six pain of atoaea nipportcd by ilx oolmnm. 

Fig. SS91 U an end Tiew, Fig. 0S52 a longltodiiul •eotko, Fig. fit»SS a plan of the gianair; 
and Fig. 69H a plan of the rtona Soar of a Bmall steam oom-tniu. There are here two pain of 
stone* oriTen through bevel-^iearing bj an ordiuarj thtioliaTf engine g, which nlao ftmhiliea the 
power for working the cleaning, feeding, and drefilng appaiatna. In the ordinar; ootme the 
grain is paae^ ftom the bin m to the emnt maehine j, where it falls apon sn iron plata which fi 
fixed upon and leTolrei with a eential shaft at a Telocitj of about SSO it. a minate, and round this 





StoOm, ffnvugKABimth Siam £c 



Seftrmee to Plgi. 5951, 5652;— a, 
citiauit-fui from rtont ; b, hading pip« | 
c^ tlom bcq^m' i d^ Hon* oue i e, )[niia' 
610 1 /> dririn^ JCt*''; g, itetm-ta^at, 
i, gnin-tlxTtUiT ; I, flour^lcntor; m 
corn-bin; 3, dnninj macLitm; i, ( 
Nuk-Ucklf. 





From the amnt mMhine the 
wbeot U pawed «?er* wheat 
aanen, and !■ then taken np 
bf an eleralvr to the feediDK 
bin <, bebig tabmitted nhSM 
leaving the tpout from the 
^BTator to a rau-b1ut, wbloh 
oleam It of impnritlea lighter 
thuiltaelr It la then 
tbrongh the ab 
derated, and d 
Dinal way. 

Figa. S955 to S9ff7 anre 
to illiuttate the oouatmotion 
and woiidnK cf the dlk bolt- 
ing mMhme, called also 
dreaaing - maohlne or ailk. 
The evKoden are torn 20 
to SO ft. In length, 3 to 31 ft. diameter, and make from twenty to (wenty-Qve reToIatiooB e mfnnta. 
" -"-^-HMiof SI to 4 (t ladlatiDg loda are inaertedon the hollow ahaft, and the«e fona the roda 
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of tho machine to which the silk ooyerinff 
for the floor to pass through is attached 
The shaft ends in pivots, which have their 
bearing in plummer-blocks bolted to a 
cross-piece of iron. The machine is driven 
by a cross-shaft having two bevel-wheels 
keyed upon it, which gear into correspond- 
ing wheels on the driving shafts of the 
cyundera. The cross shaft alao gives 
motion, through the intervention of a rtrap, 
to a pulley on the shaft of the creeper, 
shown by the dotted line in Fig 5955, 
which carries the floor along the trough 
under the reel. 

Figs 5958, 5959, are a modem plan of 
setting millstones designed for this mill by 
Thomas Don ; 1, 1, are millstones 4 ft. 2 in. 
diameter, and worked at a speed of 125 
reyolutions a minute ; the lower stone lays 
upon the stone plate 2, 2, supported by up- 
right frames 8, 3; 4, stone spindle driven 
by the bevel-gearing 5, 5. Fig. 5960, the 
cross-piece of the firame canying the stone 
spindle step; &, lightering iron for lifting 
the stones, ana so regolating the quality 
of the meal ground. Fig, 5961, cross-plate 
with space for plnmmer- blodc carrying 
horizontal driving shaft. Fig. 5962, stone 
spindle bush bar, fixed into centre of bed- 
stone. Fig. 5963, bearings let into eye of 
top stone for centres of balance-pin to work 
in. Fig. 5964, plan showing the manner 
of connecting the bed-stone plate. Fig 
5965, details of arrangement c, c, for lifting 
bevel-pinion 5 out of gear. 

The meal travels from the elevator along 
a creeper, and enters the dressing machine 
by a hof^r; here it makes a progressive 
onward motion, rifling and figdling by gravl- 
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tation from the sides of the reel till the flour has paased through the intezstioes of the Bilk aad the 
bran is delivered at the end of the machine. 

Fig. 5966 is a vertical seotion of a pair of millstones as arranged by Wm. Cnllen. The Btonea 
are placed in the ordinary 

horizontal po6ition« bnt n fl 5966. 

arranged to be driven in 
opposite directions. Fig. 

5967 is a plan of a bed- 
plate E set npon the sup- 
porting pillan, and fur- 
nished with an adjustable 
upper bearing for a vertical 
tubular shaft which carries 
the lower stone B. Fig. 

5968 is an inverted plan of 
a dish-plate G which is set 
on a cross-bead or rhind D 
fixed in the upper end of 
the tubular shaft, and 
which is formed with a 
turned flange to cover a 
raised flange formed on the 
bed-plate, and so prevent 
the meal from getting 
under the stones. The 
lower stone is fixed in this [ 
dish -plate, and can be 
accurately levelled and ad- 
Justed bv means of screws 
passing throus^h the arms of 
the cross-head. Fig. 5969 
is a face view of the lower 
stone B, and shows the 
details of an upper adjust- 
able bearing for the central 
shaft which passes through 
the tubular shaft, and car- 
ries the upper stone by 
means of the usual rhind, 
shown inverted in Fig. 
5971 The central shaft 
is supported on a footstep 
bearing in a transverse 
frame-piece fixed to the 
pillars, this bearing being 
adjustable by means of a 
lever and screw. The bear- 
ing for the upper end of 
this central shaft is fitted 
in the eye of the lower 
stone B, and consists of a 
box containing three equi- 
distant biass bearing pieces 
G, which are adjustable 
radially by wedges acted 
on by SQiews. The spaces 
between the brass pieces 
are filled with fibrous ma- 
terial, which is saturated 
with oil, and the whole Is 
covered with a plate to 

rvent dust from getting 
the bearing surGeices. 
This arrangement of bear- 
ing admito of the central 
shaft being accurately 
centred with reference to 
the lower stone, and of 
ite running with perfect 
steadiness, pointe requiring 
the greater attention when 
both stones revolve. 

The proper supporting 

imd steadymg of file tubular shaft carrying the lower atone is also of great importance ; and the 
Deanng at tts upper end consisto of four brass pieces held in spaces, farmed in th« plate and made 





•baft, and the bottom of the ■ 
rests on three flat rinn, the top ana 

bottom rings beiog brass and the 

middle ooe east iron, irhiLrt all theoa U 

are quite loose and free to revolve, 
and vertical pmives are formed down 

the inside of the brass cvlinder, and p. 

radial ktoovbb are formed on the side mi 

faces of the riogs, so that the oil has >(^^^ 

free access to every part. i^^^^^ 

With this arrangement of the foot- ^^^^O 

step bearing, if an; extra friction ^^^^^ 

should take pliice between the Imltom ^^^^ 

of the tubiUai ebfift and the ring neit M 

to it, EOtne oF tlie rings will revolve, O 

bat the contianoiu lubrication will in 

a few seconds cause the shaft-foot to ^^ 

glide over its former reaistance and ^^ 

again revolve on the surface of the 
top ring. A stu(9ng-boi gland is 
Applied beneath the Jbotstep beariog 
If the tnbnlar abaft, to prevent the oil from dripping throngb and down upon the parts 



e cftriied in a box which is Mlj<utable in a transverse fntme-pteco 



beufstb: 

The details of the bearing ai 
fixed lo the pillars. 

Each of Uie shafts has in It a pair of pulleys, one of each being fast the other looee, and tba 
shafts may be driven in opposite direotlons from a single parallel shaft by means of a pair of belts, 
one of which is open, the other crossed. 

Bee AoKiccLTCRAL Itiwrmnaina. Bibs Maoboixbt. BiLTiHa. CONnsncrioH. Cotton 
HiOHiVBRr. Fl*i Hachihebt. Qubdio. Ookpowdeb. Papu UUchoisbv. Smab 
Uaohikbht. 

Booii on Mills ! — Buchanan (R.), ' On Millwork and other Hachlnery,* I? TVedeold and Beimie, 
S vols, royal 8ro, cloth, 1841-4S. Rnllet (A.), 'M^moire sur la Meunerie, Ita., 2 vols. 4U) and 
folio, Pans, 1B47. Fairbaim (Sir "W.), 'Mills and Millwork." 2 vols. 8vo, 1861-65. Box (T.^ 
Practical Treatise on Mill-gearing,' crown 8to, 1869. Ranhine (W. J. M.J, ' Mannal of Hsrhlneiy 
and Millwork,' crown 8to, 1869. Craik (D.), ■ The "ProctiOTl American MiUwright and Miller, 
royal 8vo, Philadelphi*. 1870. Dllon (T,), 'Tl.e Practical Millwrip-ht and Engineer's Beadj 
Reckoner,' crown 8vo, 1870, HoghM (W. 0.), ■AaericAU MUler and MUlwright," crown 8<o, 
Philadelphia, 18T0. 

MOLECULK Fb., MMadti Gmb., M'iKiU; Ital., Mahc^ Spah., M.-Umla. 

All matter cnnsists of an aggregatlDn of minute paiiicles. These particles are called mulacvia, 
and the; dilTer from atoms inoehig always a p>»tion of some aggregate. Holeenles are of two 
kinds, called respectively iuUgrant aiid coiutiftuiit. Integrant moleoules are the smallest particles 
into which a simple bctly can be conceived to be divided, or the smalleet particles into which a 
eomponnd body can be conceived to be divided without being resolved into its elements. C<ni. 
sHtneut molecides are the molecules of each elemcDt which fenne an integrant molecule (rf ft 
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oompoimd. Thus an integrant molecale of water Is composed of constituent molecules of oxygen 
and hydrogen. It is with the latter ^d we have chiefly to deal in chemical investigations. 

The distinction between an atom and a molecule must be clearly recognized. Hofmann, in his 
Modem Chemistry, gives the following definition, which is now generall;^ accepted. '* We may,'* 
he says, ^ define an atom of an elementary body to be the smallest proportional weight thereof that 
is capable of ezistiDg in chemical combinatum, and we may define the molecule of an elementary body 
to be the smallest proportional weight thereof that is capable of existing in the free or unoomilnned 
state." Thus a moleciUe, or as it is often called, an elementary molecule^ may consist either of an 
isolated atom, or of a group of atoms. 

The bulk, or molecular volume of an element in the gaseous state, is the same as the molecular 
volume of hydrogen at the same temperature and pressure, and in numerous cases the molecular 
weight of an element is twice its atomic weight. The following list of the elements whose molecular 
volumes have, up to the present time, been determined, is given by Dr. Frankland. The molecules 
of mercury, cadmium, and zinc contain one atom, and are termed monatomio molecules : those of 
hydrogen, oxygen, chlorine, bromine, iodine, fluorine, nitrogen, sulphur, and selenium c<mtain two 
atoms, and are termed diatomic molecules ; the molecules of oxygen, as ozone, contain three atoms, 
and are therefore triatomic; those of phosphorus and arsenic contain four atoms, or are tetraiomic^ 
and those of sulphur, under certain conditions, are hexatomic. Thus it will be seen that an element, 
as in the case of oxygen and sulphur, may, under different conditions, have two distinct molecular 
weights. We shall now enter more fully into the subject of molecular weight. 

In a gaseous state, all bodies, whether simple or compound, have sensibly the same coefficient 
of dilation, that is, they increase sensibly by an equal fraction of their volume for an equal increase 
of temperature. All are equally compressed under the same conditions, that is, they fcre reduced 
to the same fiaotion of their volume for the same increase of pressure, other tilings being equal. 
The elastic force of gases is therefore nearly the same for all ; and as it isr generally admitted that 
the gaseous molecules are in motion, and that the elastic force of gases is due to the shock of their 
molecules afi;ainst the walls of the vessds wherein they are contained, the most simple way of 
explaining that they all possess the same elastic force, under the same conditions, is to admit that 
equal volumes of gases, under the same pressure and temperature, contain the same number of 
molecules. 

This supposition rests upon Gay-Lussao's law relcEtive to the combinations of gaseous substances. 
If gaseous bodies are formed of molecules, if the decompositions and the combinations result from 
the exchange of atoms that takes place among the molecules, or from the union of several of these 
molecules into one, it is evident ftiat the number of the molecules which have reacted, and the 
number of those which result from the reaction, must present a simple ratio. For the reactions can 
take place only between one molecule and another molecule, or oetween one molecule and two 
molecules, and so on. Therafore^ if in equal volumes and under the same conditions of pressure 
and temi^rature, all gases contidn the same numbor of molecules, the simple ratio which must 
exist between the number of reacting molecules and that of the molecules formed in the reaction, 
ought equally to exist between the volumes of the gases, before and after the reaction; and such 
Is actufdjy the case. 

The hypothesis that, in equal volumes, all gases contain the same number of molecules^ was 
first propounded by Avogadro. but was more fully developed by Amp^, under whose name it is 
better known. Stsrting nom this principle, let us compare equal volumes of chlorine and hydrogen. 
We shall find in this case that the volume of chlorme weighs 35^ times more than that of the 
hydrogen, and hence we infer that the molecule of chlorine weighs 85^ times more than the molecule 
of hydrogen. But, as we have already seen when treating of atomic weight, the molecule of hydrogen 
is composed of two atoma Consequently the atom of hydrogen is e^ nal in weight to only one-hiodf 
of its molecule. As therefore a molecule of chlorine weighis 85^ times as much as a molecule of 
hydrogen, it will weigh 71 times as much as an atom of the same body. If then we take the weight 
of the atom of hydrogen as the unit for molecular weight, as it has been taken for atomic weight, 
we shall have 71 as the molecular weight of chlorine. Thus the molecular weight of a simple or 
compound substance is found by taking its density of vapour relatively to hydrogen, and multiply- 
ing by 2 the ratio obtained. 

As the densities of vapour are usually taken relatively to air, and as air weighs 14*435 times 
more than hydrogen, the density relative to air must be multiplied by that number to bring it 
relative to hydrogen. Moreover, as this latter density must be doubled in order to obtain the 
molecular weight of a substance, we may shorten the operation by multiplying at once the density 
relative to air by twice 14*435, or 28*87. Therefore, to find the molecular weight of a body, 
multiply its density of vapour taken relatively to air by 28*87. If all bodies were volatile, 
nothing could be easier than to determine their molecular weight. Such, however, is not the case. 
A large number of compound bodies are destroyed before reaching -the temperature at which they 
would be reduced to vapour. Hence another means of obtaining their molecular weight is required. 

Either bodies are capable of entering into combination with other bodies, or they are not. Let 
us take the former case with ah example. 

Stearic acid is a fatty acid not sensibly volatile, in which a certain weight of potassium is 
capable of substituting itself for an equivalent weight of hydrogen. It has the closest possible 
analogy in properties with acetic acid, in which a substitution of potassium may likewise take place 
for a portion of its hydrogen, and of which the molecular weight has been determined, this substance 
being volatile. Experiments have proved that the molecular weight of acetic acid is 60, and that 
in 60 parts of this acid one of hydrogen may be replaced by 89 of potassium. If we seek the 
quantity of stearic acid capable of combining with 89 parts of potassium. while losing one of hydro- 
gen, we shall find this quantity to be 284. Hence 284 parts of stearic acid are equivalent to 60 
parts of acetic acid, and as 60 of acetic acid represent the weight of the molecule of this acid, 284 
must represent the weight of the molecule of stearic acid. 
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fixflot retnltBcaa be obtained from this method only on the condition that tho bodies comparea 
have the same molecular oonBtitution. Thus an acid like acetic acid cannot be compared with citric 
acid, or at least it would be necessary to introduce into the comparison considerations of another 
order. Frovided this condition be fulfilled, the molecular weight of a non-volatile substance 
capable of entering into combination with other substances may be fotind by determining what 
ouantity of the substance is equivalent to the known molecular weight of a volatile matter baving 
tae same constitution. This Quantity represents the weight of its molecule. 

When the non-volatile substance is not capable of entering into combination, it must be sub- 
jected to the action of reagents, which destroy it. By this means new compounds are obtidned, the 
molecular weight of which may be determined by one of the preceding methods. To find from the 
molecular weight of these latter, that of the primitive body, a number is chosen, which will enable 
the reaction to be expressed in the simplest manner, and this number Ib taken as its molecular 
weight . The results given by this method are not so trustworthy as those obtaiued by the pre- 
ceding, to which recourse should always be had when possible. 

If we take as the unit of gaseous volume, the volume of the quantity of hydrogen, the weight of 
which corresponds to our unit of weight, it is evident, from what has been said above, that the weight 
of the same volume of any simple or compound substance, considered In the gaseous state, will 
represent its density of vapour relative to hydrogen, and consequently the half of its molecular 
weight. Therefore, to find the molecular weight of a substance, multiply bv 2 the weight of one 
volume of its vapour ; or, which is the same thing, the molecular weight oi a body will be equal 
to the weight of two volumes of its vapour. Tiiis fact is expressed by saying that all bodies have 
a molecular weight correspouding to two volumes of vapour. 

It is evident that if half tho above volume wero taken as the unit of gaseous volume, the mole- 
cular weights of all bodies would correspond to four volumes of vapour. The greater number of 
modern chemists accept, for the sake of uniformity, the number 2 ; but old writers employed the 
number 4, a. practice still persisted in by some. 

Formerly the methods of determining the molecular weights were not based upon Ampere's 
hypothesis. Many of these weights were imperfectly known, and in treatises on chemistry only 
half their real value was assigned to them. Thus there were bodies whose molecular weight 
corresponded to two volumes, and others whose weight corresponded to four volumes. To Gerhiudt 
is due the honour of enforcmg the observance of Ampere's hypothesis, by showing that all molecular 
weights must correspond to one and the same gaseous volume, 2 or 4, according to the unit adopted. 

There are, however, some compound substances, such as hydratod sulphuric acid and hydro- 
chlorato of ammonia, that appear to form exceptions to this law. The molecular weight of these 
substances can in nowise be doubled, without at the same time doubling the atomic weights of 
the simple bodies which constitute them, and these atomic weights are too surely established to 
allow of their being modified. Yet the density of vapour of these compounds is such that their 
molecular weight corresponds to 4 or 8, and not to 2 or 4 volumes of vapour. 

To explain this anomaly, many chemists have supposed that in these oases dissociation takes 
place ; in other words, they have supposed that, under the infiuence of heat, those bodies which 
present anomalous densities of vapour are decomposed into two others, each occupving the volume 
which the primitive body would occupy alone, if it were not diaiociated, that is, 2 volumes. The 
two bodies together therefore, according to tnis hypothesis, occupy double the volume we should 
. justly expect, if the compound whose density of vapour is being determined did not becmne 
decomposed ; and if the two bodies which are separate when heated are capable of uniting again 
when cooled, the operator does not perceive the action, and thinks, consequently, he has found an 
anomalous density. To explain this matter more dearly, we will take an example. Chloride of 
ammonia is a compound of chlonne, hydrogen, and nitrogen ; and if a molecule of this substance 
be heated, it will be decomposed into a molecule of hydrochloric acid— a compound of chlorine and 
hydrogen— and a molecule of ammoniacal gas— a compound of hydrogen and nitrogen. As the 
number of molecules has been doubled, the volume occupied bv the vapour should be doubled too. 
When this mixture of hydrochloric acid und ammoniacid gas becomes cool, these Jtwo substances 
will again enter into combination, and the two molecules wUl reunite into one. If this be the case, 
those bodies which present anomalous densities ere simply bodies that are not volatilized without 
undergoing decomposition. And it may be remarked that the latest researches of able chemists 
seem to have eeteblished the hypothesis upon a sound basis. 

But however exact in theory, it is none the less true in practice that errors may be committed 
by relying solely upon the densities of vapour to obtein the molecular weights. Whether it be 
due to dissociation or not, these densities may deceive us, and means are needed for verifying the 
molecular weights determined bv them. TJiere exihts a compound of hydrogen and carbon, known 
as marsh gas. The density of this gaseous compound is such that the molecular weight deduced 
from it is equal to 16. But is this the exact molecular weight ? Analysis shows that marsh gas 
contams f of its weight of carbon and i of hydrogen. If therefore ite molecular weight is 16, &is 
weight is formed of 12 parts of carbon, corresponding to one or more atoms of this substance — we 




question, can be replaced by another body, is eoual to 1, that is, to the quarter of the Lydrogen 
conteincd in the substence. If therefore the molecular weight of marsh gas is leally 16, we may 
substitute another simple body for the }, ). j, or | of the hydrogen. But if the molecalar weight 
were only 8, this gas would be composed of 6 ythtia of carbon and 2 of hydrogen, and, in that case, 
only the half of the whole of the latter element could be replaced by another, never the quarter. 
Again, if tho molecular weight were 32, there would be 8 parte of hydrogen, and this metalloid 
might be replaced bv eighths. Now in marsh gas the hydrogen is replaceable by quarters, and 
by quarters only. Therefore (he molecular weight deduced from tte density » the true one. In 

7x2 
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the greater number of cases the densities of vapour give the exact molecular weight ; but as there 
are a few exceptions, it will always be necessary to verify the results deduced by the system of 
substitution. See Atomio Weiohtb. 

MOMENTUM. Fb., Moment d*une Force ; Gkb., Momet^ emer Kraft ; Ital^ Impuho ; Span., 
Momento. 

Momentum is the quantity of motion in a moving body, being always proportioned to the 
quantity of matter multiplied into the velocity ; it also means impetus. 

MORTISE. Fb., Assembler a tenon et mortaise; GiB., Verzapfen; Ital., Immorsoare; Span., 
Mortaja. 

See Jonn^. 

MOULDING. Fb., Mouhge; Geb., Formerei; Ital., Imposta; Span., Moldura, 

A moulding, or molding, is anything cast in a mould, or which appears to be so. as grooved or 
ornamental bars of wood or metal. Architecturally, a moulding is a projection beyond the wall, 
column, wainscot, and so on. An assemblage of mouldings forming a oomioe, a door-case, or 
other decoration. 

MUFFLE. Fb., Mbufle; Ger., Muffel; Span., Mvfla, 

See Assaying. Fubnaob. 

NEUTBAL AXIS. Fb., Axe neutre ; Geb., NeutrcUe Aohse, Ital., Asseneutro ; Span., Eje neutro. 

See Matebials op Construction, p. 2338. 

NICKEL. Fb., Nickel; Geb., Nickel; Ital., Nickel; Span., N(quel - 

Nickel is a greyish-white metal, resembling silver in appearance, and capable of receiving a 
high polish. It is of about the same hardness as iron, and, like that metal, it is malleable and 
ductile, bi fusibility, it is about equal to manganese, and, after it has been subjected to the pro- 
cess of hammering, its specific gravity is 8 '66. Its atomio weight is 59. Molecular weight, un- 
known. It is strongly magnetic at ordinary temperatures, but loses this property when heated up 
to 660° Fahr. ; and it is so little oxidizable that it may be exposed for a long time to a moist 
atmosphere without undergoing change. Dilute hydrooblorio ana sulphuric acid dissolves it with 
a development of hydrogen gas, and nitric acid oxidizes it very readily. Carbon forms with nickel 
a compound more fusible than the pure metal, and analogous in this respect to cast iron. Only 
one oombination of this metal with each of the halogen metalloids is Imown ; this combination 
corresponds to the formula Ni B*. 

Nickel occurs in a native state only in meteoric stones, in which it is always present in assooia^ 
tion with iron. It is found in considerable abundance in certain parts of Germany, Hungary, and 
Sweden, where it occurs in the form of Kupfemickel, so called from its colour, being a oombination 
of nickel and arsenic. The metal is obtained on a large scale, for the purpose of making German 
silver and other alloys, chiefly from this compound. It may be obtained in small quantities by 
reducing one of its oxiaes by means of hydrogen at a high temperature, or by exposing the oxalate 
to a very high temperature in a crucible lined with charooaL 

Oxygen combines with nickel in two proportions, forming thus the protoxide NiOand the 

sesquioxide Ni, O,. To the protoxide oorresponds a hydrate ^ > O,. 

The hydrogen of this hydrate is replaceable by acid radicals, and salts of nickel are formed 
which mSy be called minimum salts. The sesquioxide loses oxygen in the presence of the oxides, 
and is thus converted into minimum salts ; when in contact with hydrochloric acid, it develops 
chlorine by giving protochloride. No salt of nickel is known corresponding to it. The single 
sulphate and the double sulphates generated by nickel are isomorphous, not only with the sul- 
phates of cobalt, but also with the minimum sulphates of iron and manganese, and with those of 
the metals of the magnesian series. 

The tetratomio character of nickel, like that of cobalt, is very difficult to establish. We have 
in this case only one compound on -which to base this character, namely, the sesquioxide, an un- 
stable substance, incapable of forming salts, which substance may be considered as resulting from 
the aggregation of several molecules of oxygen, and therefore proving nothing. On the other band, 
nickel is closely allied to zinc, magnesium, &c. It would consequently appear more rational at 
first sight to class it among the diatomic metals. But there are sufficient reasons for placing cobalt 
with iron, and the extreme analogy between nickel and cobalt obliges us to place the former in the 
class of tetratomio metals, with the acknowledgment that if its real or absolute atomio character ia 
equal to 4, its apparent or manifested character is fdways equal to 2. 

Characteristics of the Salts of Nickel, — The following are the oharaoteristics of the salts of 
nickel ; — 

1. They are of an emerald green colour. 

2. The fixed alkalies produce in' them an apple-green precipitate of hydrate of nickel 

8. Ammonia partially precipitates the very neutral salts of ammonia. But if these salts are 
acid, or contain an ammoniacal salt, ammonia will not precipitate them. When the precipitation 
takes place, the precipitate dissolves in an excess of the reagent, and the liquor assumes a blue colour. 

4. HydroBulphuno acid does not precipitate them ; the alkaline suhmurets produce in them a 
black precipitate Insoluble in acetic add and in dilute hydrochloric acid. 

5. Cyanide of potassium produces in them a precipitate soluble in an excess of the reagent 
This precipitate is reproduced when the liquor is saturated by sulphuric acid. Nickel is by this 
property mstinguidhable (rom cobalt; for though, with the salts of the latter metal, c^ranlde of 
potassium forms a precipitate also soluble in an excess of the reagent, when once the precipitate is 
dissolved it cannot be reproduced by sulphuric acid. 

NOBIA. Fb., Noria ; Geb.. Noria, Patemosterwerk ; Ital., Noria ; Span., Nona, 
A large water-wheel tamed oy the action of a stream, and carrying at its oiroumference buckets 
by which water is raised and discharged into a trough at the top. 
See Mbcuanioal Movkuents^ Fig. 5792. 
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KUTS AND BOLTS. Fb., Ecnju et bwhn, Gib., Schraubenboizen und Mutter i Ital., CAto- 
ftarda e Dado , Bpan., Tueroa$ y pemos, 

A nut is a small blook of metal or wood containing a concave or female screw need for retaining 
a bolt : the nut is sorewed upon the end of the bolt upon the latter being passed through the bodies 
to be held together. The following Tables furnish particulars as to the weight and dimensions of 
iron nuts and bolts ; — 

Tablb of Hkzagon Nxm and Boi/t-heads. 
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OBLIQUE ARCH. Fb., Arc de o6t€; Gkb., Der tchiefe Bogen; Itau, Arco clbliquo, Span, 
Aroo oblfouo. 

Oblique arohes haye been briefly treated of under the general heading of Bbidoe. and the 
several systems were, in that place, described and discussed. But the subject was tnere con- 
sidered from a theoretical rather than a practical point of view, the object being mainly to explain 
the nature of the lines employed, and to demonstrate the correctness of the methods by which these 
lines are obtained ; and aiUiough some practical processes were necessarily introduced, no attempt 
was made to render the treatment other than purely mathematical. The present article, on the 
contrary, is intended to be wholly practical. It will treat of the design and construction of oblique 
bridges as actually made and earned out by the engineer and the contractor. 

An oblique or, as it is commonly callea, a akew bridge is one in which the passages over and 
under the arch intersect each other obliquely. In conducting a railway through a district in which 
there are many natural or artificial wator-courses, or in making a canal through a country in which 
roads are frequent, such intersections often occur. Before the introduction of railways skew 
bridges were seldom erected, it being more usual to build the bridge at right angles, and to divert 
the course of the road or the stream to accommodate it But in a railway, and sometimes in a 
canal, such a deviation from the straight line of direction is inadmissible, ana it therefore becomes 
necessary to build the bridge obliquely. In such a case, the axis of the arch is oblique to the face, 
and the angle which the aus makes with a perpendicular to the fooe is called its angle of obliquitj/. 
The distance by which one abutment, or line of sprin^ng, extends beyond the other, and which 
is, of course, dependent upon the angle of obliquity, is termed the dutance of obliqttity A skew 
arch has a direct and an oblique span ; the former, or span on the square* is the perpendicular dis- 
tance between the abutments, the lattar, or span on the skew, is the distance between the abut- 
ments parallel to the face of ^e uroh. The former is less than the latter in the ratio of the cosine 
of the angle of obliquity to unity. It is the span on the skew which is equal to that of the 
oorresponaine rectangular arch. 

Rectangular and oblique arohes are Identical in their main features, and hence the fundamental 
principles of oonstruotion will be common to both. But in the latter the details of construction 
difier considerably from those adopted for the former kind. This difference is chiefly due to the 
altered position and form of the jomts. The bed-joints in an arch should be perpendiculiur to the 
thrust along the arch, and to determine this position in the skew arch is a matter of some difficulty. 
If we draw upon the soffit of an arch of this Kind, a series of parallel curves made by the intersec- 
tions of the soffit with vertical planes parallel to the face, the best form for the bed-joints will be a 
series of curves drawn upon the soffit, and cutting the first series everywhere at right angles. But 
as these joints would be diffloult of execution, spirals are in practice used as an approximation. 
The beds of the arch stones in a skew arch are consequently spiral surfaces instead of plane 
surfaces, as in the case of the rectangular arch, and the ddhieating and working of these spiral 
surfaces constitute the principal difference between the oblique and the symmetrical arches in the 
design and execution of the work. Preparatory to the construction of a skew arch a large drawing 
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of the 8of&t maat be made, showing the exact shape and position of every arch stone. This 
drawing is the development of the curved surface, that is, it is a representation of that surface as if 
spread out fiat. As it is essential that the spiral surfaces should be accurately drawn and worked, 
it is necessary to possess ready means of determining these surfaces in the drawings with the 
utmost precision, as well as the dimensions of the templates from which these surfaces are worked. 

The spiral form was first introduced by Nicholson, and explained by him in two works entitled 
Stone-cutting, and A Guide to Railway Masonry, published about the year 1828, and the 
methods wliich ho employed are still in use almost witnout modification. Kicholson may indeed 
be justlv regarded as the originator and perfecter of the present system of oblique bridge build- 
ing, ana any treatise upon that subject can hardly be more than an elucidation of the principles 
and the practice which he laid down and described. These principles and processes we shall now 
endeavour to explain. 

The following processes in descriptive geometry are employed in oblique bridge construction. 

1. The JRit/ht Section of a Cylindric Arch and the Angle of Obliquity beiig given^ to find the Oblique 
Section, — Let AIBO, Fig. 5971, be the right section of a semicircular arch. Draw the diametci 
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A G. and upon the extremity A erect a perpendicular A a. From the opposite extremity draw 
Oa to meet the perpendicular in a, makiug the ang^e AaO equal to the angle of obliquity. 
Produce the diameter A to C, and make A C equal to G a. Join G'cr, Divide the arc A B G 
into any numbw of parts, as 1, 2, S, and project these points upon G a, as a, 6, c, d. Project 
these latter points upon G'o, and from the points of projeclion in G' a erect pei^ndicular lines. 
The intersections of these 

lines by horizontals io ^i r-^r^ »*.» 

A G', drawn from the ^^^ "^^ "**• 

points of division in the 
arc A B G, will be points 
in the curve required. 

To find the Development 
of the Curve of the Oblique 
Section, — Let AB and 
GD, Fig. 5972, be the 
plans of the curves of 
oblique section whose de- 
velopment it is required 
to determine. Draw A F 
perpendicular to A D, and 
upon AF describe the 
rectangular elevation of 
the arch A EF. Produce 
AF to A', making FA' 
equal to the arc FEA. 
Divide the arc F E A into 
Any convenient number 
of equal parts, as 1, 2, 3, 
and the line FA into 
the same number of equal 
parts. From these points 
of division draw lines 
parallel to A D, and from 
a, 6, c, the points in which 
these lines meet AB, 
draw other lines parallel 
to A F. The points of intersection a\ b\ </, will be points in the curve sought. 

It is obvious that the curve GD' whick is the development of G D, will be equal, similar and 
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parallel to B A'. Therefore, to obtain this deyelopment, repeat the operation npon GD; or, 
which is often more oonvenient in practice, transfer the curve B A' to CD' by means of a monld. 

To Project a Spiral Line upon a Cylindrio Surfaoe,^het A B C D, Fir. 5973, be a semi-cylinder, 
in this case a right cylinder, of which A E B is the elevation. Divide the arc A E B into any 
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convenient nmnber of equal parts, and from the points of division draw lines parallel to A G or B D. 
Divide B D into the same number of equal parts, and from these points of division draw lines per- 
pendicular to A G or B D. The points of intersection of these two series of lines will be pointo in 
the spiral required. 

Iroduce A B, and make BF equal to the arc A E B. Also produce G D. and make D G equal 
to B F. Draw the diagonal B G. Then the parallelogram B F D G will be tne development of the 
cylindrio surface A B G D, and the diagonal^ G will be the development of the spiral B G. The 
angle of the spiral, or angle of the twist is the angle DBG. 

To Project a Spirai Surfaoe.--ljei AoOD, Tig, 5^3^ be the inner surface and NHML the 
outer surface of a semi-cylinder, of which A E B. N O H, is the end elevation. Project the spiral 
H M of the outer surface in the same wav as tne spiral B G of the inner surface was projected. 
These spirals will bisect each other, and the space induded between them will be the projection 
of the spiral surface. The breadth of this surface is the thickness B H of the cylinder. 

Proauoe N H, and make H I equal to the arc N O H. Produce likewise M L, making L K 
equal to H I, and drsfw the diagonal U K. Then tiie parallelq^ram H I L K will be the develop- 
ment of the cylindrio surface NHML, and the diagonal H K will be the development of the ^iial 
H M. The angle of the tinst, in this case, is the angle L H K. 

As the spirals are aU similar and parallel, if we draw all those of the inner surface, or intrados. 
by means of a cardboard monld out to B G, and those of the outer suriace, or extrados, by means oi 
another similar mould cut to H M, we shall have the whole projection of the screw. 

We shall now show how the development and the plan of the soffit and the extrados of an 
oblique arch are obtained. 

Suppose it were required to build a skew bridge over a road, the width of which is A F, 

Fig. 5974, at an angle equal to A B F. The dfreot span of this bridge is the distance A F, and the 

A F 
oblique span is equal to -: — a -o-a « or A B. The skew width of the bridge is the distance A G or 

sin« Ai5 F 

B D, and th^ thickness of the arch, as shown in the end elevation, is A G. It is required to find 

the development and the plan of the soffit and the extrados of this bridge. 

Project, in the way already described, the development of the curves of oblique section A B 

and G D, and join by straight lines the points B A', D G*. Upon the extremity B of the line B A' 

erect the perpendicular B M. The line B M will show the direction of the coursing joints, and 

will be the development of the spiral forming the first complete coursing joint Diviae the line 

B A' into a sufficient number of parts to represent the several courses of stone, if the arch is to be 

of stone, choosing an odd number in order that there may be a keystone ; and through the points of 

division draw straight lines parallel to B M, terminating at the curves. These lines will be the 

developments of the spiral coursing joints ; those which intersect the springings, as a, 6, e, 9, 10, 11, 
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are partial joints, the rest are complete joints. If now lines be drawn firom the points a, 6, c, parallel 

to B A', these will be the deyelopments of the heading joints. The latter, nowe?er, are not oon- 

tlnuons like the coursiDg 

joints, but are drawn in 

the manner shown in a 

subsequent figure. The 

oblique cylindrio surface 

ABDOis the soffit or 

intrados of the arch, and 

B A' C D is the deyelop- 

ment of this sur&oe, 

which it was required to 

determine. 

We haye now to ob- 
tain the deyelopment of 
the extrados, or outer 
surface of the arch. 
Upon the direct span 
A F, Fig. 5975, describe 
the semicircle A E F, 
nnd produce A F to G 
and I, making A G and 
F I equal to the thick- 
ness of the arch. Upon • 
GI describe the send- 
cirole G H I, and from 
the points G, A, F, I, 
draw G Q, A 0, F D 
and I ^perpendicular to 
GI. Draw G P, and 
make the angle G P I 
equal to the angle A B F 
in Fig. 5974, which is the 
angle of obliquity. Also 





draw Q N parallel to G P at the distance B I) in Fig. 5974, which is the skew width of the arch. Then 
shall A B b anil G P N Q be respectiyely the soffit and the extrados of the arch, of which A E F 
and G H I are the rectangular end eleyatlons. It is required to find the deyelopment of the surface 
G P N Q, the extrados of the arch. 

Determine, in the manner already described, the deyelopments of the curyes of oblique section 
G P and N Q, and join the points P G' and N Q' by straight lines as before. From the points 
of division B, a, 6, c, d, D, on the line B D draw, peipendicular to B D, the lines B B', a a'. Set 



OBLIQUB ABOH. 



2521 



off I oponO'Q', a length Ox mimI to ND', utd joinD'z. DlridB the Una D* > Into th« imin* 
number of eqtul p«rtB u B A', B D, Fi^. 5974, or, vhich Ii tho same thing, into the nine number 
of equal parts M the dotted line D A' i« divided into by tbe interaActioiu of the oonraing joicti. 
Then, throngh the tMlute cC end the flnrt diTiaion npoo D' z, dntw it /, which irill give the diieo- 
Uon c^ the couislug joint*. The *bote at the remaining conmng jomta are drawn panJIel to tUs 
one <f /, throngfa the othw pointa of difinon npcm D' x. If; &om the points a', V, d, <t, we draw, in 
the Duuuer shown in the next flgnre, linea perpendicnlar to the ooaiaing joints, these line* will be 
the derelopmeDta of the heading Joints ; and P G^ Q' N will be the developBient of the ohliqne 
ojlindrioBiufkMOPNQ, which u the eztndoi of the Mob. 

In the preoeding example* we have lappowd the aroh to be lemioiraDlar ; the nme prindi^ec 

— ■ ii_ .. »i -Bntal arch. 

d that of the extiadoa. Let AB DO, Fig. 0978. 



be the enr&oe of the soffit o 
piooesaea already explained, 
joint* showii in the devekHnnent. 

Divide the semicircle A E F into the same number of equal puts as therein in thecnrreBA', 
which parts there represent the conisings, and from the potntt of division draw lines perpendicnlar 
to AF. Finm each of the beadiog Joints upon the first entire coursing joint BM, draw other linee 
parallel to AF. The intersections <^ theee two sets of lines vill be points in tlie oorve BM', which 
is the position on the intrados of the joist BU. The ottier oourgiDg Joiots ma; be prnjected in the 
same way; but (he readiest method is to cut a cardboard mould of tbecnrve BM'and to draw tho 
remaining joints from this mould. Next, from tbe ends of one of the b<»ding joint* O P, dnir 
line* psjvllel to AF. Tlie inteisectioTiB of tbese 
line* with thote drawn from the points of division 
in the art) AEF will be points in the curve OP', 
which is the positioD on the intrado* of tbe heading 
joint OP. If » cardboard mould of this curve be now 
cnt. the heading joints may be easily drawn npon the 
inCradoa. The Tvhole ^an of tbe intrados may be 
oblaincd in thia wny. To obtain tbe plan of the f\- 
tradoe proceed in a similar manner with the develojt- , 
ment of that surface. , 

We have now to find the elevation of the faoeof the 
arch, a* dependent on the foregoing principles ', ,.'' 

Find tho oblique sectian of the aid) A E B, G H P, : . ' '' 

as shown in Fig. 5977; then the semi^elUpee AEB ;..-'' 

will be the elevation *t the soffit, and tbe semi-ellipse 'o' 

O H P will be the elevation of the eitrados. Divide 

AEB into parts equal to the diviiiona on tbe curve B A', Fig. 5974, that is, to the oonrees sliown 
on the development of the soffit. Alio divide OHP into parts equal to the divbion* on the 
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curve P G', Fig. 5975, the deyelopment of the extrados. If these points be joined, the lines B B', 
a a', b 6', will represent the joints in the face of the aroh, and the elevation of the face will be 
complete. The lines B B', a a\ are, however, not straight lines, but curves, concave on the upper 
side, BB' being the most concave, and the others diminishing in concavity as they approach the 
vertex, where it diosippears altogether. If a third development were made at half the thickness 
of the arch, we should have a middle series of points, and thus three points in the curve would be 
obtained. In a drawing to a small scale the curvature will not be apparent 

Some of the preceding processes of descriptive geometry are difficult of execution in the case of 
very large drawings, and ctdoolation may then be advantageously substituted for those processes. 
J. Watson Buck was the first to call special attention to the methods of determining by calculation 
the several dimensions of a skew aroh, and in a work which he has published on the subject he 
has given some simple formulie by which those dimensions ma^ be readily and accurately deter- 
mined. The processes described by Buck have been further smi^lified by W. H. Barlow ; and, 
thanks to the labours of these engineers, all the angles and dimensions of an oblique arch, as well 
as the twisting rules and templates used in working the stones, can now be easily obtained by the 
method of calculation. We shall consider some of the preceding figures in reference to this method. 

Let r represent the radius of the cylinder, e the thickness, and 6 the angle of obliquity. 
Then in Fig. 5974, AF=:2r, FB = 2rcot. 6, FA'=vr, AB=2r cosea $, and tan. 
V R oat B 

FA B =^ = ^— = tan. of angle of akewback of intrados. InFig. 5975, 10'= v(r + «}, 
FA f V 

^, °' ( a^^ ) = tan. of "angle of ekewback of extrados, and B' P = s coton. $. In Fig. 5977 
J w \ r / 

the lines BB', aa^, which are the chords of the small curves formine the joints in the face of the 

an^, all radiate fiK>m a centre O, the position of which centre may be found either bv calculation 

cot. ^0 /r e + «*\ 
ox by geometry. By similar triangles, B P : P B' :: B C : G O, or as ooseo. O:— ^ — ( — — — j 

cot. '9 
: : r COS. e : -r (r + «) = go. Therefore G O = r cotan. tan. ^, ^ being the angl^ of the 

skewbaok of the extrados. Or O = (r +0) cot. tan. $, B being 69Y8. 

the angle of the skewback of the intrados. 

To determine the distance G O geometrically, draw A B, Fig. 5978, 
=s r + 0; and from A draw AG to meeta perpendicular firom Bat an 
angle equal to the angle of obliquity. Also draw B D indefinitely, 
making the angle G B D equal to the angle of the skewbaok of the 
intrados. Then G D drawn perpendicular to B G = G O. 

As it is usually desirable to show the curvature of the joints in 
the &ce of tiie arch, a semi-ellipse must be described for the mean 
thickness, and ** -f ^ substituted for r + 6 in the first expression 
of the value of G O. By this means the intermediate points may be 
obtained. 

Of the preceding formula, those which give the value of GO 
apply both to the semicircular and to the segmental arch ; but the 
rest apply only to the semicircular. We will now give those which 
are applicable to the segmental arch. 

Let a be the arc of the segment and e its chord. Then c coeec = the oblique span ; 

e cot. = the distance of obliquity ; '— = tan. of angle of skewbaok of intrados, and 

'— ( j = tan. of angle of skewbaok of extrados. Substituting this value of the tan. of 

the extradosal angle for that given in the formula for the senuciroulat arch, we have 

- . o cot. e /r 4- tf\ c, cot. H (re + e^\ ^.v, . «. -n-rK 
e cot. X I — i — j = ( ■ — j = PB' m Fig. 5975. 

And as 

- . c cot. •« /r * + ••X . , .0 cot. *0 , , ^ ^ ^ 
* cosece : I — ^^i— I :: r cosea : (r + e) = GO. 

When G O has been determined, the only development required will be B A' in Fig. 5974. It is 
now requisite to show how the ordinates of this curve are obtained. 

Let B G, Fig. 5979, be tho half of a semicircular arch, the obliquity of which is G D A. It is 
required to obtain the development D 6' A' by calculation. Divide the arc B G^ and its develop- 
ment G A\ into the same niunber of equal parts. Let a be one of the divisions m the arc, and a' 
its corresponding division on the development ; then A' a* = Bo. Also let A B. the radius, be 
represented by r, the angle B A a by 8, the angle G D A by 9, and the angle G A D oy /3. We have 
A(/=rsin. 8; d6 = r sin. « cot. e = a'b'; AVtan. /5 = a* f,Biida'b' ^ a'f = fb\ 

When a sufiicient number of divisions / 6', corresponding to equal divisions on the arc BG, 
or its development G A', have been obtained, divide D A' into the same number of equal parts, as 
shown in Fig 5980, at a, 6, c ; a', 6', c\ The two halves of the curves being similar, it is only 
requisite to find one half of the ordinates, and to apply them on both sides of the line A B. There- 
fore, at each of the divisions 6, c, d, draw the orainatcs fb\ Fig. 5979, and make all the angles 
Vf V equal to the angle G A' D, the intradosal angle. Through the points thus obtained, draw the 
curve D 6' A', which will be the development of A D, half the f^iven curve. 

W« now come to the consideration of the methods of working the voussolrs preparatory to tlie 
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ereotion of a skew bridge. Evidently the bed of a yeuasoir i» a portion of the spiral snrfaoe 
B H Bi 0, Fig. 5973, and these spiral surfaces on the stones are oolled winding beds. To obtain 
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these beds, the workman employs what he calls a winding strip, but which is more 
generally known by the name of twisting rules. These twisting mles consist of two 
straight-edges huld at a determinate distance apart by two light iron rods. One of 
these straight-edges, or rules, is usually 8 in. broad, and has both its edges parallel ; 
the other is of the same breadth as the first at ohe end, but increases in breadth 
towards the other end, according to the angle of the twist Both rules are equal in 
length, and that length must be exactly equal to the depth of the Toussoirs. To 
obtain the winding bed, the workman sinks each of these rules into a draft in the 
stone until their upper edges are in the same plane ; their under edges are then in 
the intended winding bed, The superfluous parts of the stone are then cut away 
until a straiffht-edge applied from one draft to the other, and kept parallel to the 
so£Bt, eyerywnere coinciaes with the surface of the bed. 

As the winding beds are cut to the twisting rules, it is essential that these rules 
be accurately determined and constructed. We shall now show how their dimen- 
aetermined. Let 
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nons are 

ABGD and EFGH, Figs. 

6981, 5982, be the two rules, i . 

The edge D of Fig. 5981 I J 

is paraUel to the edge AB; ^ ^ 

but the edge GH of Fig. 
5982 is diyergent from the 
edge EF. The breadth EG 
is equal to the breadth AG, 
and the breadth F H exceeds 
the breadth £ by the quan- 
tity HI, the yalue of wliich " le i * [ p 
depends upon the angle of the 
twist. To find the yalue of H I, let d re p resent the distance of the rules apart at the extrados, 
and 8 the angle of the twist. Then H I = d sin. 8. The rules must not be parallel, but con- 
yergent ; that is, the distance of the rules apart on the soffit is less than at the extrados. and the 
difference is in the ratio H K : B G, Fig. 5978. If we represent the distance of the rules apart 

on the soffit by (f , we faaye therefore cT = d — '-^ , fi being the angle of the intrados and ^ the 
' ' sec. ^ o o y 

angle of the extrados, as in the formula giyen aboye. Fig. 5983 shows the twisting rules adjusted 
in accordance with these principles. 

When one of the winding beds has been prepared in the way described aboye, the soffit must 
next be obtained, and to do this a template is required. To make this template, the spiral curye 
must be deyeloped to a scale sufficiently huge to measure from; or it may oe obtained from the 
course lines ana the face line as drawn upon the laggings at the time of erecting ; the latter 
is the readiest mode for the workmen. 

It is a somewhat difficult matter to shape the stones which form the face of an oblique 
arch with such accuracy that they shall not require to be pared after being set. The following 
method of obtaining the template for each quoin stone was first published in the Giyil Engineer 
and Architects' Journal for 1841, and though others haye been resorted to since, the merit of being 
the readiest and the most expeditious must still be claimed for this one. 

Let m », Fig. 5984, be the eleyation of the half arch on the square, and o r its redius. Make r a = 
radius X sin. 0, and with the distance r • as a radius, describe tne arc ^ «. Produce n r to y, making 

r y = radius X . ^ — '-y- — r • From the joints abcdef draw lines to the centre f, intersecting the 
cot. X tan. 9 

arc 9« a'h'c^cTs^f, From the points a'6'c', Ac.. draw horizontal lines, and from the points a 6c 

draw yertical lines, intersecting the fonner in a''6''o"d'V'/*'. And from these last points draw 
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lines to y, as ahown in the figure. Then tppljing the oarre ol the Intnduo, k 
to it at y, the templates for each alone wIU be (ouud from the flgnie. 

The follawitig is another method of ob- ^fg^_ 

taining the templalea for working the beds 
and EolBtB of the aioh atonee, direoti; from 
the drawing of the development of the !□- 
Iradoa. Let ABOD, Fig. 5985,- be the 
dsTelopment of the intradoe, of whioh the 
aemioircle DEF ii the right elevation. 
Erect F G perpendieolar to D F, ftnd dmw 
D G pantlld to the ooaraing jointa meeting 
FG in G. Draw GB'j»nllel to B A, to 
meet DB produoed. From the paintaof 
division in the are D E F, erect linee pamllel 
to F G ; these linw iiill ont D G and B' Q 
in the point* 1, 2, 3. From theae pointa^ / 
and perpendicnlar to D G, and B' G, draw / 
!< 2f, 3c', la", 26", Sc", eqnal to lo, / 
26, 3 c, the diatanoee from the chord to ; 
the pointa of division In the uo DEF. I 
Draw, throngh tlie points thua obtained, L 
the onrvea Da'tV, G, and B'a"6"c", G. *~ 
From these aegmenta the amh-cnrres m 
bevela maj be oonstntcted, by making the 
inner edge of the onrved limb in Fig. 5986 
identical with the half aegment of GB', 
Fig. C985, and the inner edge of the curved 
limb in Fig. 5987 identical with the half 



□ find the aiiide of the twirt, piodnoa 
D F, Fig. 59S9, to E, and apon P U set off 
HI equal to the radios of the arc DEF. 
From the point H ereot H L perpendictdaf 
to PH, uid tmn the po\nt I draw IL 
parallel to D G, which u parallel to the 
conning Joints in the development A B C D, 
meeting -HL in L. Fran I set off IE 
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eqnal to the bTeadth of the beds of the Btones, and join K L. The angle I K L iB the angle of 
the twist. 

We shall now show how one of the aroh stones is worked by means of the templates obtained in 
the manner described above. Suppose the stone, all the faces of which are rectangular, to be lying 
upon one of its beds, with the soffit next the workmen, and oonsequently its other bed uppermost. 
Haying applied the template D G, Fig. 5985, in such a way that the ourved edge may rest upon 
each end of the nearest arris, draw a line upon the surfiioe of the stone by the curred edge of the 
template. This line will be the bed line between the soffit and that bed. It must be observed that 
the curve will be concave to the adjacent arris of the stone. The twisting rules must now be 
applied in such a waj that the parallel rule shall rest upon the nearest arris that is to be cut away, 
and the rule contaimng the angle of the twist be at a distance equal to the intended breadth of the 
bed. The latter rule must then be sunk into the stone until the upper edges of the two rules are 
out of winding. The bottom of the chisel draft will make an angle with the surface of the stone 
equal to the angle of the twist. The superfluous stone between the draft and the bed line is to be 
cut away, until the surface everywhere agrees with a straight-edge applied from any point perpen- 
dicular to the curve forming the bed line. 

When one winding bed has been worked, the next step is to form the soffit. This is done bv 
applying the bevel shown in Fig. 5987 in the same way as a common square is applied. Each limb 
of the bevel is to be perpendicubr to the arris, or to a tangent to the curve which forms the arris or 
bed line, so that the straight-edge may coincide with the surface of the bed, and the curved edge 
rest upon the superfluous stone of the soffit which is to be cut awav. The stone is tlien worked oflT 
until the curved edge of the bevel coincides with the surface of the soffit, which will be that of a 

2 Under. The soffit must then be gauged to its breadth, and the other winding bed worked with 
e same bevel. The ourved edee is, of course, applied to the soffit, and consequently the straight- 
edge will be upon the winding bed. It may be remarked here, that the method of working the 
beds of the voussoirs forming the fieuie of the aroh in such a way that the joints shall be at right 
angles to a tangent to a curve at that point, though generally adopted by engineers of ail countries, 
seems objectionable on the grounds of insecurity and difficulty of execution. 

The mipost upon which the aroh rests must be divided into as many e^ual parts as there are 
oouraes intersecting the springings, and as many triangular ohedks sunk m it Fig. 5988 is an 
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elevation, and Fig. 5989 a plan of the impost parallel to the axis of the cylinder, the number of 

checks in this case being eleven. To mark these checks upon the sprin^ng stone, triangular 

templates of sheet iron or wood are required. These templates are obtained in the following 

manner. Construct a right-angled triangle. Fig. 5990, having the side a e eqnal to the length of 

the check on the impost, and the side ab equal to the 

thicknera of the courses. This will be the triangle of 

the intrados. To obtain the triangle of the extrados, let 

fall the perpendicular 6/, and proiduce 6/ to <^ making 

fblfdllrlr-^-e; r being the radius of the cylinder and 

its thickness. Join da and dc. These triangles, cut out 

in wood or sheet iron, will be the templates required. To 

use the templates, apply them with the side a c, or hypo- 

thenuse downwards, and, keeping the extremities a and 6 

against each of the divisions in suoot'ssion, score by the 

perpendicular and the base. The back or extiadoe of the 

impost must, of course, be marked from the template of 

the extrados. The diflbrence in the angle of the two will give the proper degree of wind in the 

bed and the cross joints of the checks of the impost. 

As the thrust of the arch is parallel to the face, a proper abutment should be eiven it in this 
direction bv working the back of the impost in vertical stepe, having their stdes respectively 
parallel and perpendicular to the face. When the wall behind the impost is of brick, the width of 
the step at right angles to the thrust should be made such that the bricks may not require cnttinf, 
that is, it should be made to correspond to a brick, a brick and a half^ as the obliqui^ of the arch 
may require. These vertical stepe are shown in the plan of the impost. Fig. 5989. 

It now only remains for us to describe how the design is carried out on the ground, that U, the 
practical methods adopted for ensuring the correct execution of the work. 

When the imposts have been prepared in the manner deeoribed above, the centre should be 
erected and well ugged. Too much importance cannot be attached to the careful execution of this 
part of the work. This is true of all arches, but more espeeially true is it of oblique arches. The 
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laggings' should be evenly and firmly fastened down, and they should be long enough to project 8 
few inches beyond the fucosi of the aroh. The spiral joints must then bo marked upon the la^^ngs 
to guide the masons in setting the youssoirs. Fur this purpose a long, flexible straight-edge 
must be procmred. This straight-edge is usually a }-in. deal board, about 12 in. broad and 25 ft. 
long, having one or botti of its ed^ perfectly straight It should be sufficiently lon^ to reach 
from the impost to the crown, that is, it should be equal in length to half the heading spiraL Tiie 
lines for the face, which are perfectly straight on the plan, should be first drawn on the laggings ; 
these are the lines A B, C D, Fig. 5976. Then bisect each face, and draw the line mn through the 
points of bisection, and divide this line similarly to the impost ; in other words, divide it into parts 
corresponding to the checks upou the impost, a, 6, y, &a Having divided the stmight^edge into 
the number of voussoirs in tlie half arch, which will be half the number in the whole ar<ui with 
half the keystone, if there is one, apply it from the first cheek on the impost to the corresponding 
division on tbe crown, and draw a line on the lagging. Upon this line, while the straight-edffe is 
in the same position, mark with a point tlio divisions of the voussoirs. Draw all the spirals uom 
the impost to the crown in this way, and mark the divisions of the voussoirs again upon the 
heading spiral next to the opposite face. The lines thus drawn are the heading spirals. To draw 
tiio coursing spirals, begin at the obtuse quoin, and with a straight-edge draw a Une on the 
laggings from the bottom of the first skewback on the impost to the first division on the 
heading spiral representing the coursing joint. Repeat this operation for all the divisions, and the 
whole of tbo coursiug-joint spirals will be thus obtained. In the case of an arch built wholly of 
stone, these lines coincide with the bed-joints of the voussoirs ; but when the aroh is built wholly 
or partially of brick, they are the lines to which the courses of bricks must be parallel. When the 
imposts and the quoins forming the ringstones and head of the arcii are of stone, and the inter- 
m^iato parts of the courses are of bnok, the thickness of the courses will be dependent on 
tno thickness at the abutment, say three or four courses of brick to each stone springer. To give 
tlio soffit of the arch a good appearance, the brickwork should have a regular half-brick Ixmd 
throughout. The accuracy of the brickwork requires to be frequently tested during the execution 
of tbe work. 

We shall now give an example of the application of the preoeding processes and formulsB ; and 
shall take, for purposes of illustration, a bridge designed by G. 6. Andre' to carry a railway over 
a street 80 ft broad, with a footway 15 ft brmid on each side, the angle of obliquity being 50®, 
Fig. 5991. 

6991. 




We have in this case; — Direct span = 30 ft., and angle of obliquity = 50^ The oblique span 
is thus c cosec. a = 30 x 1*3054073 = 39'16 ft The rise of the aroh is 8 ft. Hence the radius 

8' 4- 15' 289 
= — — 27- = T? = 18'^ ^ ^^e thickness of the aroh is 2 ft., and the external width is 24 ft. 

o X 2 lo 

We have now to find the length of the aro a. Dividing the half chord by the radius, we 

15 
have r^^ = -8305642 = sine of half the aro = 56° 9' 24". Therefore the whole aro is 

66^ 9' 24" X 2 = 112° 18' 48", the length of which to radius unity, as found by the tables, is 1 960, 

and 1-960 X 18-06 = 35-39 ft The tangent of the angle of the skewback of the intrados 

c cot. $ 30 X '8390996 ^ 

= ^ = gg.^ — - = -711302 = 35° 25' 33" = fi. Hence the length of the heading spiral 

is a sec. iS = 35*39 x 1-2271948 = 43*43 ft. A convenient number of voussoirs will be 41. 

43-43 
Therefore the thickness of the courses will be — -;— = 1 ' 06 ft The length uf the impost is 

41 w «r 

6 X cosec. a = 24 X 1*3054073 = 31*33 ft; and the divergence of the courses is impost. 
X sin. 3 = 31 '33 X 5796485 = 18* 159 ft This length corresponds to the thickness of seventeen 
courses, which will be the number intersecting tlie springing. 

The distance CO below the axis of tho cylinder, (^culated by Buck's formula, would be 
c cot «e ^ ^ 30 X (•8390996)' ,,„ ^^ . ^, ,^ ^ 
a ('' ^ *) = ^5^39 ' X O«*0^ + 2) = 12 ft. 

The tangent of the angle of the extrados may be found from the tangent 7f the intrados by 

r 4- tf 18*064-2 

proportion ; thus, --^ tan. /i = t^. ^ = .T x 711302 = 7950000 = tan. 38° 29' 6". The 

difference of the angles (38^ 29' 6') - (35° 25' 33") = d9 3' 27" = «, the angle of the twist 
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The twiating iiiIm for working the winding hed» of the TDnaaoira nmst be eqnal in length to the 
dspth of the latter; therefore in this case thej will be 2 ft. long. Tbe distance apart at which 
tlie; itrs applied <m the eitradoB it 2 ft. 6 in. = 30 in. The additional breadth to be girea to one 
(-ad of tbe twlBtioK rule will tbna be d sin. 3 = 30 x ' 0533360 = 1 ' 6 in. Henoe, if the nanow md 
bo 3 Id^ the broad end mnst be 4-6 in. The distance apart at one end being 30 in., tlie diatauoe 

at the other wiU be d" - rf ^^^ = ^"."ilf"!^ = 288 in. 
see. f r 2775126 

The triangular templates for marking the cheokg on the epiinging stonea will bo obtained bj 
making the baae = 1-00 ft., and the bypotheniue = the leogth of Uie obeok on impost. 

OPTICAL INSTRUMENTS. Fb., InitrummU (Ttiptiqaei; Gbr., Opluche ItulrummU, Ital, 
Stnuncnii ottici ; Bpan., Tiutnoamtoi diiliooi. 
See SuBTiTiNa Inwrajutarce. 

ORDNANCE. Fb., Piioei d'artiOtne; Gm., Art^Otrie, or GeKhSltkimat i Itu., Arfiglleria; 
Span., ArtUleria. 

Oidnanoe is a term synonTtnoDs with artillery, and ina1ude« all bee.vj wcttpons of war&ro. 
8ee ABTtLLKBT. QcM Maohuhbt. Gukhebv. 

ORES, UAOHims and PBOonsBa buploted io Dbess. Fb., Preparation m^aanigva du mia^raitf 
OlB., ItecSamtc/ia Aafbereitvng der Erit ; Ital., ifacchine i pn>c«dimenti per lamrun il mineraUi 
Spam., Maquinaria y procedaniento emplmdo* para prep^rar minerales. 

Id the preparation of oertaia metallie ore« for smelting purposai it is often eipedieot to lue 
maohines wMoh are speeiall; adapted to economize Ubonr and to obtain tbe largest pngsible yield 
of the particular metal or metah) songht, by separalioQ from the eztianeoos mbierab such metal 
marba assodaled with. 

The following description of dn«sing fin and copper ores in Cornwall, ictid by Jamee Hendei^ 
kh, belbr« the Institnte of Civil Engineers, [n ISS8, gives an excellent idea if the general oatnie of 
the maohinery and ptoce«ea employed to diess ores ; — 

I&i Drming. — The stonee of tin ore, on coming from the mine, are ragged and spalled, or broken 
to a sise not exceeding that of a man's flat After undergoing this pmoeo. tbe agent, or head 
dresser, in order to form some idea of its quality, proceeds, in all probabilitv, to van a small portion. 
This consists in braiaing some of the ore, on a ahoTel, to a very fine powder, when, by inunersing 
the shovel io water, from time to time, in a horizontal position, and giving it snbaeqnently an un- 
dulating and oiroular notion, the light earthy and stony partiiles are gradnally carried over the 
edge, leaving the tin and other mineraLi to settle on tlie shovel, according to their specifio 
gravity. 

It may he romarked that the tin in the stone, unlike the oree ot copper, reqnirrs an experienced 
eye to detect ita preeence. The ore of tin, which in Cornwall ie almost invariably the peroxide, 
has a specific gravity of abont 6-60. The minerals usually aaaociatcd in the stono with the tin are 
iron pyrites, nr mundic, which is freqiienlly arsenical, possessing a specific gravity of 4 90; coppw 
pyrites, or yellow ore, having a specific gravity of 1 ' 25 ; and the inveterate foe of the tiu dresser, 
wolRrain, or tnngstate of iron and man^ese, having a Bpeoific gravity of nearly 7 ' 00. Thus it 
will be Men that the tin ore, if in sntBclent quantity, will, by the prooess of vanning, he separated 
readily fnnn the yellow ore Mtd mondia whilst the wolftam will remain. Hrnce the dislike which the 
t^ dteassr has to that mineral : fbr with every care in the nimierona manipnlationa to which the 
ore ia nibjected, the wolfram will cling to the tin, resisting even the roasting operations to which 
the greater put of the tin (se in (kimwall is submitted, before it is considered fit for the 
■melting bouse. 

Alter being apalled the <*e is ather measured, or weighed, according to the nsage of diflTerent 
mines, and abont a barrowCnt fa broken with Sat-headed hammers, on an iron plate, to tbe size of 
gravel, when, according as to whether weight or measure is to be applied, a quarier noggin, or an 
onnce weiglit, \a bmieed down and vanned, to nsoertaio the valne of the whole. If the lin Is asao- 
oiated with capper, or iron pyritee. the ore is rcosted on the Tanning shovel, or in a crucible, and the 
cnlpbur and arsenic in the pyritee being thereby sublimed, tbe copper on the van being again 
washed, is carried over the edge 6f the shovel : the remainder of the iron in the pyrites being now 
freed from its imporitisa. is readily removed by the application of a magnet to the dried ore. Pure 
black tin, or peroxide, is now all that remains. 

When the siialling proceee lias ,„, 

been oompleted, the stones of ore 
are taken in carts, or conveyed 
by tram-wagoLis, to the book of 
the pass, behind the stamping 
mill. 

The stamps. Fig. 5992, consist 
of a numlMT of heavy rectangular 
blocks, of cast iron, weighing from 
1} to G cwt. each, called stamp- 
beads, which are alternately lifted 
bycams,or wipers, fixed at regular 
intervals on a horizontal axle, 
placed in front of or behind the 
lifters to wliich the stamp-heads 
are attached. There are generally 



Is varies according to the 

__, ants of tbe mine, or to th 

•m raiseil, by the tongue attached tc 



leqnlrements of tbe mineT or to the power employed. The height to which the ftanip-h«ads 
■■ ched to the lifters, it usually aboat 10 in , and the q>eed sixty blows 
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a minute. These, then, fall with repeated hlows on the tin ore, which, having pafiied gradually 
firom behind, down an inclined plane, underneath the stamp-heads, by its own gravity, aided bv 
a stream of water and the constant vibration of the machinery, soon becomes completely pulverized, 
and at each blow of the stamp-heads flashes up in a liquid state, through four perforated plates, 
technically called grates, two of which are fixed in the front and one at each end of the wooden 
chest in the stamps work. The holes in these perforated plates vary in size from the diameter of a 
small needle, to that of a pin's head; and much judgment is required in the selection of the grate 
best adapted to the quality of tin stuff to be dressed. They are usually made of pieces of thin sheet 
iron, about 9 in. square , the holes are punched on the convex side, and the concave side is 
tamed towards the stamps. When in constant work the grates generally last about a fortnight ; 
but sometimes, when they become corroded by acid in the water, which in some mines is frequently 
the case, they will only last twenty-four hours, and under such circumstances copper grates are 
employed. In some instances the grates are entirely dispensed with, and the pulverized mineral 
is projected over a small wooden shutter, fixed in lieu of a grate. This shutter is raised or lowered 
in the grate-holes, according as the tin ore is required in a fine or a rough state. 

The tin ore after being stamped, and having passed through the grates, in the form of fine sand 
and water, is conveyed down a short incline, about 12 ft. long, into long wooden troughs, called 
strips, which are wooden troughs from 35 ft. to 40 ft. in length, 18 in. wid& and 15 in. deep, with a 
fall of about 1 ft. in the total length. There are usually three strips to eacn set of four stamps. In 
these the tin ore is deposited, according to its specific ^vity ; the best, or heaviest, tin being left 
at the head, whilst the finer and lighter portion is earned towards the taiL The strips are open at 
the lower end, but as they become gradually filled by the deposit of tin ore, slips of wood, about 
1 in. in depth and thickness, are slid down horizontally at the tail end of the strips, in a groove at 
each side. Figs. 5993, 5994, show an elevation of the end, and a plan of the lower portion of the 

6893. 
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strips, some being represented full, others partiallv, and some entirely emnty. When the strips are 
full, the contents are divided into three portions, the head, the middle, and the tail, according to the 
qualily of the ore. The slime forming a fourth portion of the tin stuff passes mto another pit 
The head, or crop, which occupies about 14 ft. of the strips, is wheeled in banows to square, or more 
correctly speaking, rectangular buddies: the heads of two strips being generally supplied to 
each huddle. 

Buddling.—The old-fashioned form of huddle, which is still frequently used, consisted of a 
wooden box about 8 ft. in length, 3 ft. wide, and from 2 ft. to 2 ft. 6 in. deep, sunk in the ground, 
and having an inclination of about 2 ft. in its whole length. Fixed across the upper end, and above 
the edges of the huddle, ia a board, about 15 in. wide, called the jagging board, or buddle-head, 
rather more inclined than the huddle itself, on which a small stream of water is made to run, at the 
will of the buddler, spreading itself thinly over the whole length of the board. The buddler, a 
man or a boy, standii:^^ in the huddle, places on the jagging board a small quantity of the ore. 
marking it into furrows, or jagging it with the edge of his shovel ; and the water above referred 
to carries it away, gently, into the huddle beneath, where it spreads itself over the bottom of the 
huddle, assisted by the operator by means of his shovel and his feet, which are shod with a wooden- 
soled shoe, termed a brogue. In the huddle. Figs. 5995, 5996, the buddler does not jag the ore on 
the buddle-head, as previously described ; but the tin stuff, after being stirred up by an assistant, 
passes through the perforated plate, Fig. 5996, in a liquid state, and is diffused over it by means of 
numerous strips of wood, or guides, and falling into the huddle, is carefully and continually swept 
with a brush, or broom, bv the buddler, who stands on a board placed across the huddle. This 
brushing, like the use of the shovel and brogue, tends to spread the tin ore evenly over the bottom 
of the huddle. At the lower end, or tail-board, is a vertical row of holes, a few inches apart, 
through which the surplus water fiows, and which are, one after the other, stopped up with plugs 
as the work risea About 9 in. in length of water is kept between the work and the tail-board of 
the huddle, to prevent the escape of any of the ore through the holes. The object of huddling is 
to separate the rough matrix from the tin. Four and a half buddlefuls are generally finished by 
two operators in ten hours. The buddle, when filled, is divided perpendicularly into four parts, 
the head, the fore-middle head, the hind-middle head, and the tail. The head, which generally 
occupies about one-third of the length of the huddle, is then huddled again, and divided into four 
parts, which are named as before. The head of the second huddling is tnen tossed. 

Tossing, — This piocess is carried on in the following manner;— A large ciroalar tub, about 



8 n. B fa. hi djuneter. temed a Idere, Ii neuly half filled with mXer. The ore to be tcoed U 
pbMil gently down tlia dde of the kteve Into tha watot, ithlch ii oongtoDtlr itined with « BhoTol, 




tiiitQ the w«t«T line, ttont the addttioo of the tin etnfT. to within 2 in. oT the top of tha UeTs. 
The toaaar alwajl atin the ore in one direction, thua giTing it a circnlar motioD. Aa the obj«ot of 
buddliDK vaa to Mp«nte the roogh poor matrii from the tin, ao that of toaaing ta to get oat tho 
fine matrix. The kieve being nov fall, the operation of [wickiDK at onoe begina. 



, . , ._ -_ „ otheni 

a pack than tlikt of migher qoallt;. The 

«ateuta of the kieTe csnaea the anbaidence 

h greater reRnlaritj than it woold have done 

. J,. ) or two of the Cornish mines, • wooden mall, 

or hammer, worked bj mMhinery, ftttkohed to a water-wheel, la nsed for paoldng, and woold appear 
to answer the purpoae completely. When the proceaa of packing ia completed, which la aaoertwned 
by feeliug the drnttn of Ludneaa of the snbaidiied tin stuff with a ahovel-hut, the wkler i* baled 
out Into a aeoona kieve, placed alou^de, whero toBBiiiK lome freah tin atoff la again carried on. 



w uio nou, uie one on anm Bung m nngar iime lo 
Tibration imparted by the pnotts of r"*''^'g to tho oo 
of the tin BtnfT, MOordiDg to its ^oHflo graTitr, with g 
had it been at once left at net after toamig. JJi one or 



re of the ore, perhapa taken to the fiamea. The bottom p«t, termed whita, !■ 
then fit f<a bniDlng in the OTon. 

The fore and Und middle-heada of the first baddling are now huddled orer again, aepsrately 
&om each other, bnt with the addition of stuff of a BitaUu qnaJity from the other bnddles. The 
tails fimn the bnddlea are thrown into a lannder, or wooden trough of running water, and are 
carried bv it to the separator, a machine having for its object the separation of the slime tin which 
the buddle would not retain. The simple test, bj Tanning the qnalitj of the ore, is applied from 
time to time, during the dressing operations, and tliereby the proportion of heads and talla, and 
other divisiona of the work, aoeoMing to its riohnesa, are asocftunec. 

The portion of the tin ore from the atampa, termed the middle of the alripa. oocnpying geDerallj 
about IB ft. or 20 ft. of the atripa, is thrown into launder* of running water, and conTeyed by the 
stream into oironlar hnddlea. 

Cinmlat £M(Uln.—Tha oireuUi' buddla, Fig. 0997, la a pU aboBi 18 R. in di 



3 ft dMpatitscdnnmferenee; the bottom, which ia boarded, rialDg towards Ihs centra about 1 ft. 
In Iha oentre is Sied a cast-iioa oone, down the sldps of which the trltnmted ore, in a tb^ fluid 
atatCk flows from the launder, or wooden shoot, befbre deioribed, and qweads itMlf orer the bottom 
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of the bnddle. Two Toodea time mo, tn the mesntluie, eibvly torned by the toothed wheels, knd 
trailing fttler them & light baord, attaohed to each. S[tte«d evenly the ore over the floor ot tbo 
baddle, whuji tokee nbont five hours to OIL One ciroulnr baddle ooqIwhb, when fall, the middle* 
of about teo stripa. When filled, the ooateota of the ciicular bndiile, whioh teach to the top of the 
oone. are diridra, perpendicularly, into two parts, the head and the tail, the diviaioQ being, 
geDerally. aboat hatf-my in the buddle. Whust in operation, a breadth of 9 in. of water Is kept 
between Qm work and the ciioumrerence of the bnddle, for a similar reason to that described in toe 
opention of the sqnare bnddle. The head is thrown into a lumder of running water as befova, and 
is ooQTejed into a eeoond drcnlar buddle, where it nudergoee a cdmilar piooeaa (o that in the flnt 
Ibe tail is sent down another launder to the eepaialor. 

^nie oonteDts of the secood circular buddle are divided into three parts, the head, the middle, 
and the t^L The head oooupies 3 ft., the middle 1 ft. 6 in., and the tail the remainder. The 
head and middle-head of thiA buddle are wheeled in barrows to a aquare one, and huddled 
Mpantely ; whilst the tail, like that of the Qtst, is conveTed, bT a stream of water, to the eeparHtor. 
ll^ehMuI of the iqiMre buddle is toeeed and packed, and divided as before, when it becomes fit for 
the bmniDg house, or oven. The middle head &oni the njnare buddle is again huddled, as many 
^imwi M may be ueoefeary ; the tail of each operation passing to the separator. 

The teil al the strips is thrown into a launder of water, into which the Borplai water from the 
■famipa, afttf |M«lng through the strips, flows, mixed with the light particles, or slimea. It then 
pBHui. tspidly, into a small pit, or cover, where some portion of tin is depoeited, to be afterwards 
cnbmlttod to the separator. From this cover the water and slimes flow into lUmMita, abont 15 ft 
long by 12 ft wide. Via. 5991. The oonrse that the water, holding the floe an ia nupensian, ia 
made to take, is shown by the arrows. An soon as the first pit is full, tho slimes pass over into the 
nest pit. The contents oF the first pit will, of course, be of better quality than those of the second; 
whilst the overflow from the seoond ia almost worthless, but it is neverthdesa used tbr supplying 
the f^amM, so that no partiole of tin may be lost. The two slime-pits are fllled in about tweuty- 
fimr hours. 

Tin Stparator.Vigt. 5997*,5997B.^ThiBmachineconaiBtsof a wooden box, or dstam, into whloh 




of an iron dl«o, at pMe, is alternated doeed and epeaei, pa the shaft to which the plate 
M anaoned lerdvea. TotbtishaftisalBoflxeaanironpaddl&wliioh, turning round, keeps the ore 
mspended in the water in oonataot agitation. Thus the t^ls &om the dlfibrent buddies, as weU as 
the aonteota of the oover at the end cMt the strips, flow with mpidity into the aeparator. The ronglior 
and heavier portion pnssM through the iiole at the bottom of the cistern, down a long strip, where 
it is continm^ly (tiired to eause it to be evenlv deposited, and also to assist in carrying off the 
lighter partiole*. The »Terflow ooDlaJniog the fine tin, which may be almost considered to float on 
the water, paaeea into two eatob-pits. The roush part of the ronteula of the fltst pit Is baddled aa 
many times as may be neoeesary , whilet the finer porlloD. with the whole of the contents of the 
second pit. Is wheeled to the frsmes. When the strip ioto which the rongh portion, termed rows, 
falls from the separator is full, which is in about four days' time, it ia cleaned out, and the oontents 
thrown into a launder of nmning water, which carries it to another long strip. This, when filled, 
is divided Into two portions, the head and the tail. The head is taken to the stamps, and again 
■tamped with <^ugh tin stuff. The tail is again stripped in the same strip, until it is clean enough , 
br the stamps. The overflowing turbid water is thrown awaj. The tin in this strip genotally 
averages as much as 3 per cent., so dilTlcnlt ia it, after all the proooeeeo to which the -mc nas been 
BubjB^ed, to extract the whole of the ti: 
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J. B. WiUduB* separator, Figa. 5998 to 6000, is used for the same purpose as the one already 
described. A stream of pure water is conveyed by a pipe, or small launder, into a small cistern, 
into which the tin stuff flows, and being admitted close to the bottom of 
the cistern, boils up through the tin stuff. This not only keeps it in a 
state of agitation, but prevents all but the rougher and heavier particles 
passing through the orifice at the bottom , *the lighter portions flowing 
over into two catch-pits, as in the fonner description of separator. Pre- 
vious to the operation of fimming, to which allusion has been made, the 
oontente of the slime-pits, Fig. 5994, are thrown into a launder of water, 
and conveyed into a cistern, or cover, at the head of some long and 
narrow pits called trunks. In this cover the operation of trunkmg is 
curried on. This consists in the agitation of the contents of the cover, ^^ 
or slimes, by means of wooden paddles attached to an arm. which, by 
means of a levw, acted on by a lifter on the axle of a water-wheel, makes 
a quarter revolution at intervals, thereby moving the paddle to and fro, 
ana causing the slimes which continually supply the cover to flash over c= 
into the trmiks below them. Ai the end of each trunk there axe holes S 
as in the square buddies, which are gradually plugged up as the stuff 
rises, permitting the egress of the surplus water into a leat, or water- 
course. This being considered valueless, is allowed to flow« 

A trunking machine is ahovm in Figs. 6001. 6002. When the trunks 
are full, whi<m genemlly occupies thirty-six nours. their contents are 
wheeled to a stzSce, or inclined wooden box, precisely similar to the one 
at the head of the square huddle, Figs. 5995, 5996. Here, as In the 
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buddling operation, a stream of water is admitted ; only, in this instance the water supplied flows 
from the head of tne slime-pits, and the stuff, after bemg stirred with a shovel, is earned by the 
stream to the frames. 

There are two descriptions of frame, one worked by machinery, the other by hand, but both are 
on the same principle^ The maohine-fhune, Fi^. 6003 to 6005, consists of an mdined table, about 
8 ft long and 5 ft. wide, with sides about 5 in. high. At both ends of the frame are flxed two round 
projecting ironB, bv which it hanss upon two upright pieces of timber, so that the frame may be 
turned perpendicularly, as in the hand-frame. Fig. 6006. As the table is inclined, it is necessary 
that the upright posts on which it turns should oe fixed on each side of the centre of the frame, 
so that when in a perpendicular position the top side may be level. At the hetA of the fhune is 
a board. Fig. 6004, on which a number of small diamond-shaped pieces of wood are fixed. These 
spread the liquid tin stuff over the whole width of the frame. After leaving the frame-head, the 
tm stuff fidls on a sloping board, which can be turned up by means of a leather hinge at each end. 
when the frame assumes an upright position. At one side of the tail end of the frame, and attached 
to it, is a box, into which most of the water, after depositing its tin, flows. The mode of operation 
with the machine-frame is as follows ; — ^The liquid tin stuff is admitted on to the frame-head in a 
small stream, and flowing on to the table in a thin fllm, over its whole length and breadth, deposits 
its tin according to its spedflc gravity, the heaviest, or best quality, being near the head, the second 
occupying the middle, and the worst tne tail end of the frame. The water-wheel turns, with a very 
slow motion, a horizontal arm, or axle, on which are fixed, at the requisite distances, sevend 
tongues, intended, as the axle revolves, to disengage at the proper moment some part of the 
machinery immediately connected with the frame. Thus, the first tongue presses n gainst the 
wooden rod running by the side of the frame. Fig. 6005, and stops the flow of the tin stuff. The 
next tongue then diaengaees a catch beneath the box containing tne water, which has been running 
into it trim the frame, ana the table, or frame, at once turns, as shown by the dotted lines, Fig. 600^ 
striking against a catch, which frees the launder containing pure water, above the frame, and 
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which falling oyer, empties itself to the frame, washing the tin that is on it into two corem nnder- 
neath. The table, or frame, then resumes its original position, the tin stnlT is again admitted, the 
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water again flows into the balanoe-hox at the comer, 
and the table is again torned as before. The tin 
stuff from the two ooYcrs underneath the machine- 
frames flows into separate pits, each 12 ft. long, 
5 ft wide, and 1 ft 8 in. deep; the cover near the 
head of Uie frame of course supplying the best 
Quality. The refuse flowing off the ends of the r-= 
names, and from the balance -boxes, is thrown <-& 
away. The contents of the head cover are now 
sent to the hand-frames ; the stuff from the second 
cover beinff returned again to the machine-frames, 
and framed again. 

The Hand-frame, Figs. 6006, 6007, is on the 
same nrinciple as the machine-frame, but it is 
wprked by hand. The attendant on the finme has 
a wooden toothless rake, with which the tin stuff 
at the frame-head is iafged, and spread evenly 
over the frame. It will be observed that there is 
no balance-box in the hand-frame, but when it is 
desiied to turn the frrame the edge is pressed with 
the foot or the rake. The attendant then turns over the launder of water above, washing the tin 
stuff into two covers, as previously described in connection with the machine-frames. At the tail 
end of the fhtme an opening is left tbe whole width of the frnme, to allow the refuse to run •% 
Fig. 6007 ; but as this perhaps contains some little tin it is preserved. The contents of the two 
covers flow into two pits, each 9 ft long by tf ft. wide. The tin stuff from the best cover, or pit, fs 




taken out, toMed, pteked, and o&rried to the bnrouig hoiue. That from the aeoond pit la IVamed 
Sffsin Id the hand-rrame*. The ntchen ooDtaining the refow ara ooouected irith a aUm^'t^t, into 
which the latter flows, where it undergoea the opecation of truukin^. 

These opera tions are often varied 
in different mines, aooordlng to tlia •**'■ 

natnre of the ore ; bnt the principle 
!■ sTerjirhere the aame, being tlie 
•eparation, by apeciflo gravitf. of 
the petoiide of tin from ita matrix 
in the lode. 

Moat of the tin orea in Oomirall 
have to be roasted, or calcined, 
bafine the; ate fit for the MTnnHiti|[ 





ArHDic Fine*. 
faouM^ although In aome mhtea the admixInM with other mlnerali ia to trifling that thit operation 
is oonaidered nnneoeMarr- The fnniaoe, Figs. 6008 to 6012, in wliieh the loarting li carried on. ia 
ftboot 10 ft. lone, S ft 6 in. wide in the middle, and S ft. wide near the month, Fig. 6009. The 
fln-pUoe, it will be obaerrod, it aitnated at the back, the Bamea playing tliroiigh the oven, and 
aaeending the chimney, which ia atioTe the fama«e-door. The ore, beforu it ia anbmitted to the 
aoticn of the fire, ia thioronghly dried. In a oltiMilar pit, placed immediately above the oven, iiito 
wbloh it ia let down throngh fbie opening, whan it ia oonaidered to I>e ready for CAlcimng Beneatli 
the oren. and annected irith it by an opening, throDgfa whidi the or^ when anfflolentlv lOMted. la 
A arched opening, aboot 4 fL wide, termed the wrinUe. Here the oi 



escape with the emoke from the Are, and pan thrragh large fluea, divided into aaveral oha 
Figa. 6010 to 6012, where the fonner is oollected. The flne is often 70 ydi. long, and the greateet 
deposit of araenie takes place at abont 15 yds. from the oven, or fiimace. Instead of being al once 
octnpletely toasted, the whits ttnrn the atunps are sometimea flrat rag, or partially bamt toi abont 



dx or eight hours. The object of thia partial bnming la to nve time uid ezpeiue, nenrl; tbne- 
fonrtlu of it being throwD away, after dnauog it tiom the flrrt bnnung. 

Brunton's oalolocr, Fig. 6013, for caldaiag tin ore, ii uaed in CornvalL It oonilata of » 
reTolving circulBr table, usually S ft 

or 10 ft in diameter, tnmed by a •*" 

water-wheel, which reoeivea Uuoogh 
the hopper the tin EtufT to be roasted, 
or celcioed. The frame of the tkUs 
ia made of cast iron, with bauda a 
rings of wTDuglit iron, od which nst 
the fire-bricks compoaing the smfooe 
of tlie table. The flames from each 
of the two fire-plaoee pnee over the 
ore aa it ties on the table, which 
alowly reTolves. at the rate of about 
once in every quarter of an hour. 
In tliv top of the dome, over tlie 
table, are flied three cast -iron 
frames, calleil the spider, from which 
dopenii numerous iron ooultara, or 
teeth, which stir up the tin atnfl^ m 
it is carried romid nnder them. The 
ooulters on one of the anas of the 
■pider are fixed obliqnely, so as to 
turn the ore downwards from one to 
the other — thelaatoneattheciicnm- 
brenoe of the tabl«L ptojeoting the 
ore, by thia time ftillT calcine^ orer 
the ed^re, intoone of tne two witnUea 
beneath. A atanple appaiatns csllad 
the butterfly, moved by ■ handle 
ontside the building, diverta the 
stream of roasted tin stuff, ae It falls 
from the table, either into one or the 
other, as may be required. 

As eoon as the routed ore it re- 
moved from the wriokle, it ia ocoled 
by wetting it with water. It ia then 
huddled twice over, and the bead 
tossed and packed. The other two 
middle heads are bnddled aepa- 
ndely, h many timea aa may be 
necessary, and toeaed and packed as 
before. Thetailiashaked,orwaahed, 
in a washing trunk, or tye, Figs. 
60131, 6013b, which is a long, narrow 
box, similar in appeatanoe to 
Tlie ore being placed neartb 
and a stream of Water admitted, is 
washed into the tye; it is vtoleully 
agitated with a diort broom, held 
in both hands. The stnff from the 
ooren of the waahing trunk is again 
poMed Ibrongh the atampa; whilst 




Tain twioBj . 

u often na ma; be conaideied necessary to clean it. Chimming differs only &om tossing in placing 
the kievo, m which the operation ia carried on, <m its edge, or chime. A uvelier motion is thereby 
acquired, when the kieve ia struck in packing, and by this means more of the stubborn coneemi- 
tants are removed than would be the case In tossing when the kieve stands on its base. The sktmp- 
inge, or top of the contents of the kieve after the ^^st tnssing, are huddled twice with a very gentle 
stream of water, and aa the tin is One, are afterwards tossed instead of chimmed ; the hitter opera- 
tion being reaerred for the tin of rougljer quality. The tin stuff from the second tossing is burnt 
again and huddled aa before ; then cnimmed and toeaed, and at lest becomes fit for the smelting 
house. Id this eondition it is sold to the smelters aa black tin. The taile of the buddle from the 
neond burning ate taken to the shaking trunk, then tyed and dillned. 

DiUmng. — This operation consiats in placing in a close hair-bottomed sieve, without handles, 

- ' " re. The operator then immersea the sieve containing the ore in a kieve of water, and 

tnd and from side to side, nntil the light particles are sospraided in the water, deite- 

3s the sieve to one side, permitting the light portions to escape, when they sulisido at 

..._ A the kieve. They are termed dillning itnalts, and are subsequently huddled aa 

often as may be requisite. The remainder pasaea again through the stomps, miked with fresh oie^ 
again to undergo the processes wo have described. 
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Dressing Copper Ore, — The ore, when 
faronght to the anrfaoe, is ruraally oonTejed 
firom the month of the shaft in iron tram- 
wagons to the slides. 

After the ore is thrown from the wagon 
into the slides, the larger stones are ragged, 
or broken into smaller pieces, with sledges of 
about 12 lbs. These are again reduced in size 
with hammers weighing about 8 lbs. The 
smaller-sized one in the slides is riddled, either 
in a oommon sieye, or hj means of a revoly- 
ing griddle, Fig. 6014, the ore being thrown 
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into the blgliar end wbHat tbe ^ddle la turned nnnid by the bendla. "nie mwhw of the dere, 
at griddle, nrr from | In. to I m. square, according to tbe qnslity of tb« ore. Hie whole is now 
dlnded loto toree parlionB — Prills, or pieces of pure ore; dntdge, or second qnalit; ore. where 
the metsl is disseminsted through the stone ; bslvuis, or leftvlngs. The prills are fractured in the 
crusher, Figs. 6015. 6016, which consists of tbe rolls, two oost-iroa oylindin^ about 2 ft. in diameter 
and 10 m. in widtb. plaoed almoet tooching, and whiob are made to roTolre in opposite directions, 
the neoeasarr motion bain i; given either by a atom -engine or bja water-wheel. In Figs. 6015,6016, 
whioli represent the original machine *t tlie North Wbenl Bassett Mine, the wagon oontiiining the 
ore to be crashed is shown being drawn Qp an inclined plane. When it rearbee the upper floor, the 
hauling machinerr is thrown ont of gear, and the wagon is emptied into tbe hopper iiumedialelj 
over the rolls. The emptf wagon is then permitted to deaceod the incline b; its own gravity, 
obeeked. If neee«Miry, by the brsJcs-handla. 

The ore, after passing between the roils, one of wliioh works horizontally on a side, and is lept 
oloae np to the other by means of two levers, with hfavy weights attached to each, falls in a erushed 
state into the revolving griddle. Tbe finer particles pass through into the wagon beneath, whilst 
any stones that will not go through the meabei of tbe griddle tall into the raff-wheel, which moves 
continoBlly ronnd, and conveys them to the upper floor, again to pass between the rolls. The 
ornshed prills are then marketable, and are at once taken to pile, or to tbe heapof ore intended fin 
mlo. The diadge ore. or second quality, if containing much foreign mineral, mnsl be cobbed and 
.picked, or broken with a peooliat-Bbaped hammer. If tolerably free from iron pvritea, it is crushed, 
or buokeH, and then jigged ; an operation to which the BmalU, after being griddled through a flner 
deve than tbe one flrst employed, are aUo vnbmltted, if not then found to be of suffloiently good 
qnality to go to pile. 



Jigging la an opentlon of Import- 
•noe Id dreMing copper ore. A snfB' 
dent qnautity of tbe ore to be Jigged 
i* plaoed in a sieve, either copper- 
bottomed with fine holes, or in one 
having four or five boles to tbe square 
inch, a layer of iron pyrites having 
been prevfonsly thinly spread over the 
bottom. A pecnllu TibrBtorymDtkm 
is then given to the neve, inuueraed 
in water. By this prooeai the heaviest 
portion of the ore eettlea to tbe bottom 
of the sieTe. That which 



throngh, and (blls into the hntoh, is 
nanally lit tea sale, m also the heavier 
part above referred to. It Ii 




generally performed by Diaohlnery, 
and the itere, which is usually of an 
oblong ihap^ I* either moved by a 
tnake^taff with the band, <» the same 
motioD la givoi to it by a revolving 
•sle worked b* a BteAm-engine^ as in 
fig. 6017. Flgt.601S,6D19,repreMnt 
a jigging maeHiike^ called Petheriotfs 
•eparatw. The sieves containing tbe 
ens to be oleaned are placed in suit- 
able apertures in tbe fixed cover of t. 
yttaiH filled with water, coonectad 
with which is a plunger or piston, 
working looaely In a cylinder. The motion of tho plunger causes the water to rise and fall al(ei> 
nately In the doves, and effects the reqniied separation^ but in • more complete manner than csd 



foniid, hukipMlfiagTBTltj t?7'7S^Mid eostoiiu 86 pet cent, of metallio lead. The Indoi 

comnwraa u« nn>«llT dreMed to k tenor of fttiin li per cent, to 79 pei oeat If ugsntifeioai, 
thejuo Renenllj deliTeied with a loner perocDtage; liecsiue, on account of tbeir greater lalue, it 
ii not dednble to riak loMinanoMitiTepiooeBeeiof aonoeiitration : and becaiue BTgentirerotu orea 
are loTarlablr more jntimalalj aaaooiatM with mineral impurities, difflonlt 9f Minuatioa, than 
ordinarj lead ores. In England argenttferoiu oiea are nndentood to be thoae which contain more 
than 12oi. of ailTsr ineach tonof lead.- The beat and pureat leedia, u a rule, obtained fram the 
ore* whioh contain least ailver. No nlflnfe ia fimnd without more or lesa silver, and the richest in 
Great Britain ia that of Oomwall, wnloh oonlaina conunonly from SO ox. to 10 31. of silTer to the 
^c^a. The aapatation of thia ailTer Item the lead does not oome within the range of dreaaing opera* 
tiona, being eflbeted b; a aubaeqaent prooeea to that of ameltlDg. 

In dretiung, all the applicationa irf maohinen act on the principle of aepstntiiig, b; meiiu of 
tbeir readier Cavitation, the heavier partiolea 01 lead from the lignter onea with which the; are 
aiacoiated. Thia ia eaiy when the atiuT treated oonsiata of ore and fluor-spar, calo-spar, quarts, or 
any other tmpurit^ at mnch leaa tpedfio giavltji but it beoomea difflcnlt when the ores ai- '-'^' 



bom the mine atulT asvciBl marketable piodoota are to be obtained. 

In hia paper, Hinatea Inst O. E., ;i>L sxx., Sopwith made frequent allnwtm to the amonnt of work 
which can M pwaed through diflbrant apparatoa. Aa thia *arue according to the nature of tbe 
atuff treated, and partioolwl; aa it ia more or leas rich, aome atandatd, aa repreaenting ordinary 
average mine atoff, most be adopted. This BapwlthBsesatabontl2per cent tiy weight of ore, of 
mine atu^ or of bonae treated, being eqnal to wDst in the north of England would be called wcotb 
H bines a shift, a shift belDK eight wa^ions of a aiie in senentl use thae, carrying of inch work a 
load ofabont 1 ton each, and a bing bemg a meaatue weighing 8 owt 

At tbe Linarea Worl^ abont S50 tons of lead ore are piodiMed monthly. There are two distinct 
dn«ing floors, the higher and the lower. On the higher floors, Figs. 6020. 6021, tbe mine atnffia first 



treated, and such aepantion aa can be efllected without tlie need of cruahing is made r on thaae 
manual labour is principally employed. Tlie stuff ia aeparated into clean ore, waste, and a third 
class, where the ore and the waste are nnited in the same plecea, and which must be reduced to a 
amaljer size, by means of cnuhing, or breaking, before they can be aepanted On the lower floon, 
Figa. 6022, 6023, ia treated the stuff which peeaes throngh the cmabing mill. 

Figa. 6020, 6021, abow, in plan and section, the arrangement of the hu^her flcxna, on which from 
200 tons to 220 tons of lead ore are prodooed a mootb. The mine atulf drawn bom the difl'erent 
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galleries of the minB is delivered into waffons at the shaft top, which oonyey it by a tramway to 
the teams A.- By preference mine stuff of similar nature wiU be kept together in the same 
teams. 

'J'he washing operations on the 602aL 

higher floor commence by turning a 
stream of water into the teams A. 
The first separation is made at grate B, 
which is of cast iron 8 ft. long and 2 ft. 
broad, with horizoutal spaces 1 in. 
wide. As a rule one grate only is 
employed, with spaces } in. wide ; but 
Sopwith has found advantage and 
economy in nsing two, thus providing 
more grate surface for the pickers, one 
as described, and the other of similar 
size placed inferior to it, with spaces 
of } m. each. The sides of the grates 
are planes, sloping inwards ; they are 
of wood covered with sheet iron, \ in. 
thick. On them the operation of pick- 
ing is performed ; a man stands at the 
top of the grate, and rakes stuff from 
the team into it ; the small stuff goes 
through at once, and what remains Is 
picked into the three classes already 
mentioned, and is at once conveyed in 
wheelbarrows or wagons to their desti- 
nations. Water is employed to facili- 
tate the raking out, to carry the small 
stuff onward until it is deposited in 
the trunk D at the bottom of the 
second g^te, and to clean the lai^er 
stones left on the g^te, so as to smi- 
plifv the operation of hand-picking. 

The stnff which passes tmough the 
second grate is of a size convenient for 
botching or jigging. In England from 
25 tons to 30 tons is a fair day's work 
to pass over one grate. It lias been 
found that the double grate used in the works described is capable of dressing about 40 tons of mine 
stuff or bouse a day. 

Between the lower grate and the sludge-trunk is the stirring trunk 0, into which all the stnff 
enters which passes through the lower grate. Here, with a roller fixed at the lower end as a ful- 
crum, the stuff is agitated with a shovel, to expose it as much as possible to the current of water, so 
as to relieve it of any particles of sludge, which would greatly impede the action of hoti-hiuff, and 
when clean it is taken out and placed alongside the hotdiing tubs, the smaller particles or sludge 
being carried over into the sludge-trunk. 

The common botching or jigging tub or sieve K, which we have described at page 2586, consists 
of a plain rectangular tub, nearly fiUed with water, in which works a rectangular sieve with close sides 
and an open wire bottom. The hotchings, or the stuff to be botched, are fiUeid into the sieve to a depth 
of a1x)ut 8 in. It is then botched for about a minute, more or less, according to the richness and nature 
of the stuff. The long end of the lever is next depressed, held by a catch, and the sieve thus raised out 
of the water. The top part of the stuff contained in it is then skimped off with a flat piece of sheet 
iron, held by both hands, into a wheelbarrow or wagon, as waste. More stuff is now filled in, and 
the same operation is repeated until the sieve is nearly full, when, besides cleaning off the waste, 
the matter next to it, called technically chatts, consisting of particles with lead and some impurity 
united, is also separated, and afterwards the pnre ore is found nearest to the bottom, ready for 
delivery into the ore stores. 

One botching tub can treat from 8 tons to 15 tons of stuff a day, allowing for stops for taking 
out smiddum, rich ore. 

To render the chatts marketable, further subdivision is necessary, and on most washing floora a 
separate crushing mill, adapted for fine crushing, is provided. 

At the bottom of the botching tube, the ore which passes through the coarse wire bottom of 
the sieve accumulates ; this is called smiddum, and generally contains upwards of 40 per cent, of 
lead, and is often nearly pure. To enrich it the huddle E is used. This is a plane slightly in- 
clined, made of either wood or of iron, and about 6 ft. wide bv 5 ft. long. A stream of water is 
let in at the top, and the smiddum is drawn gradually in small quantities across it, the operation 
being repeatea until all the lieht particles have been carried away. 

The sludge deposited in the sludge-trunk D, Figs. 6020, 6021, is emptied about twice a day, 
and is removed to the round huddle F. It is filled into the apparatus at ^, where it is well broken 
up with knives fixed on a revolving axle. Water is also admitted, and with the sludge passes 
through a rotating cylindrical wire-work sieve, of 10 to 15 holes a lineal inch, which separates and 
delivers apart at m any chance piece of stone or lumps of sludge insufficiently broken up, chips of 
wood, and in Spain the bits of esparto grass proceeding from the common use underground of 
esparto-grass baskets for conveying the ores, ana from the sandals worn by the miners, which are 
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made of the same material. The work which pnanoa thronffh this sieve is oonvered hy the 
water to the centre of the roand bnddle in a launder, for wnioh an inclination of 1 in 10 is 
8a£Bcient. 

The following modifloations in the form of bnddle nsnally employed in England have been in- 
troduced. The diameter has been increased from 18 fk. to 21 ft., and the centre, usually a tapered 
cone about 12 in. at the bottom and 6 in. at the top, is a plain cylinder 2 ft. in diameter ; and in 
place of two revolving arms with suspended cloths sweeping along the top of the stuff being dressed, 
making three to four revolutions, two revolving sprays are employed, making seventeen revolutions 
a minute. In the sprays clean water is used, delivered by a small launder into a funnel on the 
upright axle. 

Of the stuff delivered at the centre the heaviest particles are first deposited, the operation 
going on until the huddle is full to a depth of about 20 in., when the water is drained off. The 
stuff at the inner part, to a distance of 4 fl. from the centre, called the heads, will be found 
enriched ^m say 12 per cent to about 40 per cent. ; this is separated. The next lot, containing 
about 12 per cent, is also separated for re-treatment with the next parcel of work IVom the sludge- 
trunk, and the stuff at the outer ciroumferenoe is wheeled away as waste, none of it probably con- 
taining more than 1 per cent of ore. The heads, on a sufficient accumulation, are treated 
similarly, and can be enriched by a second operation so as to produce from 70 per cent to 74 per 
cent If the dudge presents difficulty for separation the operation would be repeated a third 

time. 

The diameter of the huddle is 21 ft. The diameter of the centre, 2 ft Kumber of revolutions 
of sprayis 17 a minute. Numbw of revolutions of sieve, 17 a minute. Kumber of tons treated, 8 
tons to 10 tons an hour. Inclination of bottom, 1 in 10. The bottom is made of cement in prefer- 
ence to wood. The huddle is turned by a small water-wheel of about ^ H.P. 

The water which passes away from the slndffe-trunk and, the plain huddle, and also from the 
botching tubs, when they are emptied, contains fine slime and ore in suspension, and is conveyed by 
drains to the slime-pits, which are shown at G. The slimes are treated in a machine caUed the 
Brunton's cloth, shown at H, and in detail, Figs. 6024, 6025. The doth, which is of 
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stiffened with paint, is strengthened and kept level across the hoe by laths of elm a few inches 
apart. It is held in a frame which is inclined about 1 in 6, the inclination being adjusted bv sus- 
TOuding screws at the bottom, and passes over rollers fixed at the top and the bottom of the frame. 
The cloth moves upwards at a rate of about 15 ft. a minute. The slimes are well broken up amongst 
water^ and ore delivered on to the cloth at A, Figs. 6020, 6021. A stream of clear water at • has 
sufficient force on the inclined surface of the cloth to carry away the light particles ; the greater 
adhesion of the grains of ore enabling them to withstand it, and remain attached to the cloth, until 
dipped into the tank below, when they fiftll to the bottom. 

There are therefore three adjustments for treating different natures of stuff, namely, inclination 
of the cloth frame, rate of movement, and quantity of clear water admitted. The apparatus as 
generally used is fairly efficient, and its efficiency is mcreased by the addition of a slight percussion 
motion in many of the Qerman washing floors. 

The first time of treatment in this machine suffices to enrich the stuff treated to about 45 per 
cent, the waste matter being carried away from the tail of the apparatus. 

The enriched slimes of 45 per cent, are passed through the dollv tub— a cylindrical tub, abont 
3 ft in diameter at the top, and 8 ft deep, tapering towards the bottom, and nearly filled with 
water. The stuff as thrown in is kept agitated by revolving a fan inside, and when a sufficient 
quantity has been introduced, it is allowed to settle, during which time the sides of the tub are 
knocked with wooden logs or hammers, giving a vibratory motion to the water, and tending to keep 
the particles apart, and prevent their adhesion in knobs. Blimes can be enriched to about 70 per 
ocnt by this means. ' 

The form of crushing mill in general use in England, Fig. 6026, is worked generally by steam or 
water power. The mineral crushed is passed to the botching tubs, and is subsequently treated much 
in the same manner as on the higher floors, with this difference, that in many cases advantage is 
taken of tho motive power required for driving the mill to attach a shaft from which to work the 
botching sieves. The work to be crushed is delivered into the hopper a, passes through the rollers 
6, 6, which are kept in contact by the pressure of a heavy lever c, loaded at one end, and falls into d, 
a cylindrical rotating sieve, inclined about 1 in 8, covered with coarse wirework, which allows the 
mineral, when sufficiently crushed, to pass through, returning larger particles to the raff-wheel e, 
which elevates them to a shoot, conveying them to the hopper a again. The whole of the crushed 
material is passed through a stirring trunk, making a partial separation of the sludge pvevious to 
its being treated in tho botching tubs. 



A itnniK tmitdioK li nqnlnd, owing to tha b^ht at vhioh the loUen ftre placed ftbore the 
gnand, and from the Btndn miued by ute heavy weight stupendod from the levar, Ikequentlj abont 
15 cwt. to 20 cwt. Btupended at 

a dirtaooe of 9 ft. to ID ft. tram MM. 

tha falcram, whicb ii in oon- 
tinoal and violent motion when 
the mill i> at work. 

Id tbe lower, or onubing 
mill, floon, next to be de- 
Boribed, and which were eracled 
■ome time after the higher 
floors already alladad to, an 
attempt has been made to 
■eonre oontinnon* treatment 
for theoraa. 

Tha mine stnfT whioh ■«• 
qrtlree emahing ia here treated. 
To become fit tor the cnuhing 
mill, it i* rednoed to a nie 
which wonld allow it to oaM 
tbrongh a 5-in. ring. 

The general anai 
of the anuhing^nill a 
floora ia ahown in Figa. vuet, 
«023, and 6027 to 60a. Tbe 
atoff to he onuhed is conveyed 
W wagona, and emptied mto 
tbe lumper a of Uie croahipg 
o eruibed, it t 




JMob*! ladder,^ and delivered 
into ■ daaai^ing trommel 0, 
whioh ratnma to the cmaUiDg 
ndll M Uie psrtidea which are 
loo large lot the hoteblQs tna- 
^Dea, aeparatea all tbe undga 
whieb ia oonsidered too imall 
tta hotobing, and dalivos in 
another direotion the material 



for "■fwi'"* hotobing. 

The onuhing mill, Fig*. 
W30 to 6032, ia oompaot, and 



my degree i^oompTeaaion can be given to the roUen by meane of the caoutchouc bui^er^ which are 
eqnaUy efbotlTe na heavy weights and levera. The rolling auifaM is of chilled iron, made aa a 
TUig. wbioh ia kept on the roller-Bhalt by three wedge-bolts. The diameter of the rollers is 87 ia., 
ttie brcttdth 10} In., and they make eight revolntions a minute. The velocity oF tbe rolling snrfiuje 
1* therefore 77} ft., and tbe crashing area of each roller ia 6B sq. ft. a minute. Tbia form of crush' 
injg mill ia ■eu'-«ontaincd, reqnlrea Bratoely any fonndationB, and nbaorba leii wmkiug power in 
(notion than the frrm uaed in England ; and tbe working parti are few, eaailj dUmounted, and can 
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he readily manoBaTrecL The jshafts oaRyinff the roUen are geared with toothed wheela at each 
aide. One roller, tlierefore, does not work oy friction only, aa in many milla. By being geared, 
a better grip is secured, and the action is 
altogether more steady and regular. The 
toothed wheels have teeth unusuallv long^ 
so at) to keep in gear when the rollers become 
separated by the passage of some large and 
hard stone, or other s&ain tending to sepa- 
rate them, which may be sufficiently power- 
ful to oTeroome the oompreesion of the india- 
mbber springs. With the rollers in fair 
order, from 5 tons to 6 tons an hour can be 
treated. 

No difficulty has been experienced from 
the use of the caoutchouc springs, even 
during the summer, when wockmg m a tem- 
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perature of 90^ in the ahada One set has lasted about two years, and with care should senre aa 
long aguin. 

The wear of the chilled rollers is yery Tariable. Steel ones are occasionally used, and answer 
▼ery well, and their use would doubtless oeoome general but tor the expense. From four to eight 
months is the general time of service^ representing, say, 5000 tons io 10,000 tons of material 
crushed by the ohilled rollers Bopwith used* 

In considering the action and duty required of a botching machine, tt must be evident that the 
separation, by gravitation, of the several matters treated in such a machine must be greatly &cili* 
tated, when the partides are of uniform sise, otherwise it is dear that a large pieoe, say, of iron 
pyritea, would gravitate more quickly than a email one of lead ore ; for, whereas the wdght increases 
as the cube, the surface opposed to the lesistanoe offered by the water is only as the square of the 
side of particles of similar form. Tme^ in the EneUsh system lead has been satisfisctorily dressed 
without sizing ; but it is principally because lead, for the most part, is raised from veini^ where the 
accompanying impuritiea are of much less spedflc gravity. There would be no difficulty, either, in 
showing that even in those casee the dresunff operations would be improved and performed more 
economically by the use of aizing apparatus, wnion is simple and efficient^ and inexpensive both in 
first cost and future working. For tne application of sizing tcbe efficient in the tro&tment of ordi 
nary ores of lead, it is by no means necessary to employ such elaborate arrangements as are in use 
in Germany. 

The number of classes adopted by Bopwith have given good results, and are aa follows;— 

Of the material crushed, all which will fiass through a perforated plate with round holes of 
1} millimetre is treated in buddies. All particles which will not pass tnronffh a perforated plate 
with round holes 10 mUlim^tres in diameter are returned to the onisher. AU the material tc be 
botched, therefore, is dean shingle, which is separated into the following siies ;— 

MnUmMns. IflUlmttrea 

No. 1, which will not pass through holes 1) in diameter, but will pass through 2} 
2| „ n 2 J „ „ 6 

^ »» w * »t »f 7 

*i »» »» • » If *o 
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The dassiflcation is thus effected ; the material having passed through the crushing rollers is raised 
by the Jacob's ladder, and delivered into the first trommel 0, which is constructed of an outer shell 
of perforated iron witn round hdea 1) ndllimitre diameter, and an inner shdl of stronger iron with 
round holes of 10 millimetres diameter. A perforated pipe, parallel to the outer edge of the trom- 
mel, conveys jets of water to facilitate the separation. The work after enterinff progresses natuially 
onwards and downwards : the dudge passes tibmugh the inner and outer shells, and is conveyed in 
an iron launder tt B , the partides insuffldently crushed anrive at the lower end of the trnnmel, 
and, dropping into the budcets fixed in the droumference of the inner trommd serving as a raff- 
wheid, are lifted up and delivered into a shoot with sufficient devatioa to oarry them to the hopur 
again. The largem quantity, however, goes by a second launder to the troramd E. supplied with 
water in a similur manner to the first one -, an inclination of 1 in 15 is sufficient to gl?e onward 
motion to the material bdng treated. It is equally divided into three classes, the first bdng covered 
with perforated platea, with hdea 2| millimetres in diameter, the second 5 milliiQdtres in diameter, 
uid tne third 7} millimHres in diameter and the stuff falls through one or other of theae diyidoD% 




or ia Okiried ova the end to 
their reapectiTB compartmeDti, 
whence it is tokeo to the 
botobing tubs, each lab being 
adapted for ibe size it is ia- 
tenaed to treHt. 

The hatching machinea ei 

neve moving;, u in the common 
one, it ia atationftr?, sod the 
water ia set in motion by a 
looaelj - fitting pi>iton a. Fig. 
6036, which at each pnlsation 
raises aU the stuff in the 
deve. The relatiTe positions of 
the MTeivl particles naturallj 
change kt each stroke, the 
heaviast or purest particles of 
ore eTentoallf being brought 
to nODunv the bottom. Tha 
to. 
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the mate launder. The heavy ore ia at the bottom, 
a depth of It In. to 2 in. beiog generall; occupied 
bjr it Apertnrea properly refcnlated admit the 
ore into Uie datum c ; a broed flap of sheet irou d, 
-r FiKs. 6031 to 60S6, la Kgnlated by the toaa in 
^ ohBire to snch a distance ^om the buttom aa is 
found to p«M the ore only, and an npper Bap ■ 
and apertdres terve for the exit of tlie chatts. 
The Biza of tbe apertures ia also regnlab d at will 
by mcftDB of a tlider /, Fig. 6035, worked by a 
screw, whii^ outs off more or lea of the holea aa 

ma; be huuiwmut. A fiut and a loose pulley ate attached to eeeh botcher. The ore and chatta 

an emptied bom time to time (ram the cistern. 

Fonnerly the piston was moved by an eocentrlo ; tbe present motion is given by a crank g. Figs. 

0038, 6039, of TanaUe stroke working in a slot. The down stroke is given aa the crank moves fran 

htoi; and aa tbe anak-pin revolves at a uniform rate, the down stroke, daring which the stuff' is 

lifted, is therefore qulok, and tbe return stroke slow, allowing more time for the deposition of the 

partiole*. The stroke of the crank can be varied by moving the ai«nk-pia np and down a slot, the 

pin being flied by means ot a nut behind. 

From experinents wttb different botching maobinea, it has been aaoertained (hat the unmber ot 

■tiokea a minute suitable for different aizea of work, can be advantageously Increased for the larger 

iiattlclea, while the length <^ the stroke is (bund to be of lees importanoe, although this also baa 

been similarly increaaed. 

The naohinefor washing No. 1 size baa a atioke of I Id., and makea 82 strokes a minute. No. S 

■tze, a stroke of I) in., and 84 ttrokea a minate ; Na 8 size, a stroke of 2 in., aud 86 stnAea a 

minote : No. 4 liie, a stroke of 2| in., and 96 stroke* a minute. 

The maohine for Ihe finer stuff hat a diflbrent movemont, applicable more partienlarly to short 

■tKAea, — a tavolvingoam,aa in Fig. 6010, with bnSer-springaoompoied of well-prepared caontoboDO I 

iti other details, aa r^aida seU-aetion, being similar to those 

already deaorlbed. *"*^ 

Taa waste (tom each of the tuba is oonnyed by ihe water 

which overflows with It along the waste lannder undergrotmd 

(D h. Figs. 6022, 6033, and is there delivered into wagona with 

perfomwd iron bottoma m as to allow tbe water to dralQ alt, and 

wbeekd over tbe watte heap. 
Tbe slndn whi^ panea through the outer skin of the first 

trommel is detivend into a beporalor B, Figs. 6022, 6023, which 

oon^bi of a cylinder with an annular space fbrmed by Ibe inser- 
tion of on inner block, regulated in diameter tooording (o the 

liM of the work it is Intended to operate upon. This is sbowu 

in detail in Figs. 6041 to 6013. Ia this annolar spaoe a stream 

rfwater is eonstuntly rising, brought by the supply-pipe a, of 

su B cie n t foroe to effect r separation, carrying the finer porticlaa 

over tbe too into the kundpr 6, wbenoe it Is onnveyed away (or 

treatment in the round huddle and the Brunton's oloth, whilst 

the ooorse and richer psrtiMes fall to the bottom, and are treated 

in •Indge-tmnks, or bee. Fig. 6022, of ample construction. A 

stream of water distributed over tbe whole breadth of the tie la 

admitted : the sludge is filled in at the top with a thovel. being 

well distributed there, aud eipcaed to the current of water, the 

heaviest partiolea settle first, and the lighter ones are subaeqiieDtly nmored ; the heads resulting 

bom tbe flnt operation are put aside, and subjeoted again to the same treatment. After being 

poaed twice, or at tbe most, three times tbioagb the tie, they ore fit tor iwrket. 



The other ilndge whkii wm ouried npirud in the npantor ia eoD'njtd to the elad^iriti at F, 
ITig. 6022, ind b«^ed b<r the nnmd boddl^ while the flnei portioD whidh doe* not Mttle then ir 





„ , . „ ^y Bteam power, and ocnuiiti of a cnuh- 

ing hopper, in whlah the itone ii broken between k peir of jswi, one fixed in the thune of the 
nuLohine, and the otber Tlbnting on a oentre through s short diat*noe, worked bj a toggle-joint 
and long leTor whiob reoeivea ita notion fxnn a oronk-sbaft. 

The fixed jaw A, Fig, BOH, agaiott which the ilooe it omahed. ia a reitioal Baled block of 
Mat iron, bedded in lino in the end of the verf strong oast-iron frame of the machine, and held 
la ita place hj loose tuered cheek-piecea B, B, whicb fit into reoonpon on eiioh aide of the 
hopper. The morable jaw O ia fiated on the breaking face to oorreapood with the fixed jaw, the 
riogee of the morable jaw being oppoaite the groavea of the fixed iaw ; and the movable jaw U 
■Dipended ftom a large tnmrene pm abore the fiame. At the back of the movahle jaw, to give 
the motloa, are two o&att D, D, in the fcom of fiat out-iron plate* extending the whole width Mtha 
jaw, and bearing in the middle in the uplift thraat bar E ; thii bean at the bottom i^on Um 
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mitio lenirF, the whole roriDlag a hoiitonUl toggle-Joint d1 nmple ooiutrDcticm nd n^t rtime^^ 
Fig*. 6014, e(U7, show the thnut Iht E of the toggle-joint; and Fig. 6048, ia a plan of ono of the 
■trut-plutea D. Tiie main levei F, Fig. SOM, has ita hilcnun on a oioKa beam raat in the fnuno 
of the machine, and when lifted b; the eonnectiDg 
rod and orank G nt tlie outer end it pi««Me forward 
the breaking jair G bv Btnigblening tne togfgle-joiol. 
Id the deprewion of toe levir the law ia dnwn bark 
iwdv for the next stroke by the in<ua-nibber spring I. 

The entire fiame of the machine ia in one single 
enating, and has feet caat upon it to stand upon a brick 
or stone foundation ; the feet haTe bolt-holes eaat in 
tiiem for the purpose of boiling the maoliine donn tn 
the foundalion ; in pnutioe, however, it is found to 
requiie nothing beiides ita own weight, about 8 tons, 
to keep it aUadj in its place. It ia fixed high euonah 
to allow a railwa; wsgou or a cart lo be ptarc d nnifer 
the hopper lo reoeire the broki'U material diieet &om 
the crnahing jaws. The oraok-ehttft O carries a Uy- 
wheal U on each side of the mncliine, and also the 
driving pulley K, which reoeiTi s a belt rrom the steam- 
engine 01 shiming employed to drire the machine. 

The moTable jaw (^Fig. 6014, works on a round 
bar of iron, which passes loosely throngh it, and forms 
the centre npon which it vibrates. Every revolntioa 
of the onuik causes the lower ond of the movable Jaw 
to advanoe towards the flxed jaw about | in. and 
retQFD, and when the jaw is dnwn back, the atone in 
the hopper falls lower down to fill up the spaoe cauaed 
by drawing back the jaw, and is tncn ready for the 
next bite of the jaws, and so on until the broken stone 
dropa ont at the bottom. The extent of motion of tbe 
crank end of tbe main lever F is S) in,, giving a total 
leverage of 14 to I. Tbe distance of the jaws apart at 
the bottom determlnea the slia ^^. 

of tbe broken material, and can ^^' 

be altered at pleasure. A vari- 
ation of j iu. can be made by 
raising or lowering the screws 
which acMost the wedges L, 
thereby altering the abutment 
for the toggle-joint. Further 
nuiationt are made by chang- 
ing the strut-platsB D, and 
putting in longer or shorter 
ones, Bs may be requited. 

Thoi. Carr'i Mintral Dain- 
tegraior is ShOWU in Figs. 6019 
to 6051. It is made of great 
strength in the beatera, and 
small diameter, being 4^ ft., 
and having fonr CKgM of 
beaters. Ino tiro diaaa are 
both carried fhim tbe same side 
of the machine, the shaft of 
tbe left-hand one being made 




tnbal&r, and thkt of the rtght-huid diM (Arrf ed through it wlthont tiniehinK i t, u Id Rg. 6(M9; by thii 
wrangmneDt the oentnl opening thnniKhiFhioh the msterial ia led into the mBChina ii left entirelj 
InlobBt^l(^ted bj the driving Btnpa, and the mBteri&l oan be thrown into it b; a ahoTeL The ipeed 
it is driTsn ai Tsriea from 350 to SOD reTolalioiiB ft minnte, aocording to the hudneBa of the male- 
liftl that is bdng pulrerizod, the degree of flueneaa to which it iiaa to be redooed, aiid the driving 
power KTBiLible. 

Wlieu B Boft Bad odhedTo materiel il operated apon, §, portion adherea to each be*ter, and the 
maaldne aonietiineB, thoush Terr rarely, reqairea cleaning after ten or twelve bonn' working. Aa 
the material wlboree odIt to the beak lorfaoe of eaoh bar, while the fnHit remaiBB clean, the 
machiiM ia reeidilj cleaned bj mnning it backuMd* for a ihurt time, where there is the meana of 
reven^g (be driving power; or the cle*ning is efTeoted withont reverdng by throwing in while 
at full ipeed 1 or 2 owL of some brittle and dry material. 

The 41-ft. machine is capable of pulverizing 5 to 15 tons at material an hour, aooording to the 
nature of the materials and the degree ot flneneaa to wliiah they are radnced ; the amount of power 
reqaired to drive Ibe machine, which varies with different materials, la tiom ID to 35 hone-power. 
Bee HnJA p- S46S. 

Dmnng Silitr Ore ia Coloraih. — The silver cne of the Comttook lode in Colorado ia chiefly 



ide, aome argentiferoQa grey coi>i>er, 
mby silver, and other rich nlver 
EiineralB. 

The ooneenfaatiDg raaohiimy nsed for the 
prelimioary dreasing of the ore as a prepara- 
non for smelting oomprisea emshen^ Cwnlsh 
rollers, screens or appllaocee for steing the 
material, and John CoUom's ore-WMhing 
machine. 

Figs. 6052 to 6059 show some of the 
details of the oonstraction of tliis machine, 
or more otxreotly of two machines, which for 
ooDvenlenoa are pnt togeth^ aa one, thongh 
quite independent of each other in their 
inwration. Fig. 6062 ia a longitndinal aee- 
tion; Fig. 6053, a tranaverao section; Fig. 

6054, horizontal section on line AB; Fig. 

6055, perspective view. 

A doable maobine^ like thai shown In 
Figs. 6052, 6D54, consists of a box or tank 
about 7 ft. long end between S and 4 It wide, 



toward the centre of thaoox, and thna Ibnn' 
ing two cisterns 0, above eoeh of which ia 
plaoed • sieve t. The rieve frame may be 
fnmished with ■ wir»«loth aieve of any 
desired degree of fineness, aooording to the 
eharaoter of the cse to be dressed. Between 
the two sieves are the piston or plnneeT eom- 
partntents t, separated tiom eaen otW, and 
each oonnectiog by an npertnre / with one of 
the cisterns 0. Eaeh apertnre /affords com- 
munication to the dstem nearest to it. bnt 
with the other outer 




The plnngeiB d move np and down In the oompkrl- 
ment e, being forced rapidly downwards by the rocken i and lifted again by the action of springs p. 



OSES. 2547 

Tbe rockers are set in motion by pnUeys K, with which they are connected br ecoentrio-rodB /. Tbe 
oisterns and plun|[er oompartmenta are supplied with water by pipes g, and when the outlets o ai« 
closed, the machines are filled with water, the OTerflow being at 7, in front of the sicTCs. The 
movements, tberefure, of the plungers, which follow each otber in rapid succession, produce an 
agitation of the water, which rises through the sieves with a constantly throbbing motion. The 
onished ores, consisting of heavy mineral and gangue, are brought upon tlie sieves 6 by a stroam of 
water that enters through the distributing boards c, and, being subjected to the agitation caused by 
the plun^rs </, are held in a state of partial suspension, during whidi tlie heavier metallic particles 
sink, while the earthy matters rise to the top, and are carried off by the water at tbe overflow 7. 
That portion of the metallic substance which is fine enough to pass the meshes of the sieve falls 
through into the hutch or cistern 0, and may be withdrawn tnence at stated intervals by the 
outlet-pipe o ; while the coarse part remains upon the sieve, and is cleaned up firom time to time, 
leaving a stratum on the sieve for continued operations. The thimbles r, on the plunger-rods p, 
serve to adjust the length of the stroke. The action of these machines is excellent. They effect 
tbe separation of the galena in a very thorough manner, not only from the earthy gangue, but from 
the lighter metallio minerals, such as the uncblende and grey copper. The* last two are obtained 
together, owing to the similarity of their apecifio gravities, and they are also mingled with heavy 
spar and some quarts. 

The general arrangement of this crushing and concentrating machinery is as follows; — ^The 
ore is brought upon the receiving floor, where the larger pieces are broken sufficiently to admit the 
fragments to the crusher. The clean pieces of galena and zincblende are also selected by hand as 
far as possible before the material is sent to the dressing machinery. After passing through the 
crushers the ore falls upon a screen furnished with a Ko. 6 sieve, tliat is, having six meshes to the 
lineal inch. Whatever passes over this screen without foiling through must be still further reduced 
in size before going to the washing machines, and passes, therefore, from tbe screen to a set of 
Cornish rollers placed below. The material that falls through the sieve enters an elevator, and is 
raised to tbe sizing sieve that stands above the washers. The elevator also brings the material 
delivered from the rollers, still further reduced bv them in size, to the same point Tho sizing 
sieve or screen consists of a frame ubcut 6 (I. long by 18 in. wide, slightly inclined from one end to 
the other. The upper end of the frame is fixed on a pivot, while to the lower end is attached a long 
arm and connecting rod, by means of which a revolving cam raises the lower end of the frame about 
2 in., and lets it drop again upon a fixed support below. Tho movement is rapid enough to impart 
a constant jigging motion to the screen, and thus to assist the material upon it to slide down over 
its snr&oe. Tlie upper part of the screen is furnished with a Ko. 9 sieve, while the lower half has 
a No. 6. The material that passes through the first goes to the finer washuig machines ; that which 
Calls through the second, to a coarser machine ; while all that passes entirely over is returned to the 
rollers for finer crushing and a repetition of the process. The material then goes to the ore-washers. 
Two of the double machines, containing four deves, stand on a raised fioor sufficiently elevated 
above the other two that the material delivered from the outlet-pipes of the first may fiow to the 
sieves of the second. One of the upper machines, and one of the lower immediately in front of it, 
are fumidied with No. 6 sieves for washing the coarser material, while the other two, upper and 
lower, are ftumished with No. 10 sieves for the fine stuff. The ore tliat enters upon the upper sieves 
is therefi»e rewashed on the lower sieves, in order to ensure a more effective separation. The over- 
flow of the two upper sieves of either degree of fineness, that is, the material discharged at 7, is 
washed again upon one of the lower sieves of the same degree of fineness — the overflow from that 
sieve bei^ worthless gangue — ^while that which passes through the sieve is second quality ore, or 
blende and copper mixed. The stuff that passes through the two upper sieves of either degree of 
fineness ia delivered from the outlet-pipes 0, and comes upon the remaining sieve of corresponding 
degree of flbeness, the material which passes through that sieve being of first quality, wnile the 
overflow at 7 is of second quality. 

By this arrangement there are three products obtained ; the pure galena, which is almost 
entirely free from other mineral ; the zincblende and grey copper, mixed with heavy spar and 
quarts, almost free from galena; and the gangue, which is very dean and free from valuable 
mineral. 

The eight sieves, or four double maohinesi are capable of treating 20 to 80 tons of ore a day ; 
and as the stuff is all washed twice, the capacity of each double machine for a single washing is 
from 10 to 15 tons a day. 

In the treatment of certain of tbe Comstock ores by the prooeas of pan amalgamation, the set- 
tlers or separators used are similar to Figa. 6056. 6057. A hollow pillar or cone G is cast in the 
centre of the bottom, within which is an upright abaft S. This shaft is caused to revolve by gear- 
ing below the pan. To its upper end is attached a yoke or driver D that ffives revolving motion to 
arms A, extenaing from the centre to the circumference of the vessel. The arms carry a number 
of stirrers of various devices, usually terminated in blocks of hard wood P, that rest lightly on the 
bottom. No grinding is required in the operation ; but a gentle stirring or agitation of the pulp is 
required in order to facilitate the settling of the amalgam and the quicksilver. The stirring appa- 
ratus, or muUer, makes about flfteen revolutions a minute. The settler is usually placed directly 
in front of the wnalgamating pan and on a lower level, so that the pan is readily disohaiiged into it 
In some works two pans are discharged into one settler, the operation of settling occupying four 
hours, or the time required by the pan to grind the amalgamate another charge. In o&er worka 
the settling is only allowed two hours, and the two pans, connected with any one settler, are dis- 
charged alternately. The consistency of the pulp in the settler is considerably diluted by the water 
used in discharging the pan, and by a ftirther supply which is kept up during the settling opera» 
tion. Occasionally, however, the pulp is brought from the pan into the settler, with the addition of 
as little water as possible, and allowed to settle for a lime by the gentle agitation of the slowly- 
revolving mullor, after which cold water is added in a constant stream. The quantity of water used, 

7 z 2 



BfTecting the cenriatenoy of the pulp, and tha speed of the rttrriDg ftppuatni, are iiup(»laiit matten 
in theopentlonof aettliDgoraep&nting. SinoetheobjectoftheprooeasU to allow the quioUlrec 
and amalgain to soporate themaelTea from the pulp and aettle to the bottom of the veaseL It ia deaii- 
able (hat the coDEoatenof should be luoh that the lighter pMtloles ma; be kept in suipeoMOD bj a 
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U not be kept in oirculation. 



A diMhaige-hoIe near the top oC the eettler permiu the mteroanritiK the Hfhler portion of the 
pulp to ran o(E; and at Buccesdre intemls the point of discharge jj lonerad by withdrawing tiie 
pluga ttoa a oeriea of mmilar hole* A, A, in the dde of the seHlei; one below the oUkt, so that fln^y 
the entire man is drawn oft, leaving nothing in the settler bnt the qnieknlTer and amalgam. 

There are vanous aencM lor discharging llieee. Usually there is agrooie or canal in tbebotfann 
of the TCMel, as in Fige. 6056, 6057, leading to a bowl B, horn which the Aoid ' ■ - 

dipped or allowed to run ont by withdrawing the ping j) nrom the outletpipt. 
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The qiuokvlTSi, charged vitb unsl^in, is curefullj ole&ued by vaahins with wftler, and 
remoTing from the nnfaoe the associated imparities, such as heavj particles of dirt oi pjritee. In 
■ome oases the oleaning is perfarmed in a email iron pan reBsmbling tlie settler in maanei nf oon- 
■trnetian, bat much soialleT, in which it is stirred slowlj with plentj of clean water, which wvet 
to wash out the imparitiee and remove them from the pan. When pmperl; cleaned the amalgam is 
attained thjongh a canvas filter or oonical bag 10 or 12 in. in dluneter at the top, and 2 or 3 ft. 
long. The quioksilTer is drained off and retained to the pans for furQier nae, while tlie amalgam 
is Ihas obtained for the retort 

Brtiokner's ojliader. Figs. 6058 to 6060, Is a oontrlrance designed to Hwst ores with salt at a mach 



len imtiiial Inboor tlum ia inTolred in the operation of the '**"• 

reTerberatOTj fnrnace. It is a horiztmtal cylinder, ooamonlv 
ftbont 11 01 13 ft. long and G or 6 ft. in diameter, oonstrocted 
of iron, nnutllj boiler-plate, and lined with fire-brick. It iti 
mpported on rollers t, bo that it may tnm freelj when set in 
motion by the refolving gear A. One end of the cylinder com- 
municatee with a brick fire-place A, whits the opposite end C j 
is let Into tlie stack, so that the frame of (he flre-place puses j 
through the interioi of the cylinder. Within the oylitidet tbeie I 
is a dUipbn^^ or partition ninolng kngitadinally thtongh the \ 
greater part of Its length. This jMititlon is made of Iron, and 
oovered with fireproof material. ftiensaallymadeiDMatioDK, 
which are held in grooves that are formed m the ritw f. These 
riba are made in tabular form, with open ends, whicn, extend- 
ing oatward beyond the aide of the cylinder, permits the 
passage of air, and are tboa partially oooled. 

When tiie sereral soctioiis are in place, the entire partition 
or diaphragm has the form of a rhomb whose ends are obtnse 
angles. It ij plaoed at an angle of 10° or 15° with thalongitn- 
dinidaxlaof the cylinder, so Ui«t as the cylinder, eontaining a 

eliM^ of ore, is revolved, the diaphragm canses a eontinnous [laasing nnd repassing of the material 
tnm one end to tho other, and euores at tlie Mine time an intimate mixture of the whole maat. 
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A dooi a, for charging and diacha^oK the ore, is placed in tlie Baifatn ot the cyliader opporita 
the partition. Tbe outside ot the ofliQder is provided vitli ribi or fluigea g ooncentrio with tha 
axis of raiolotion, nliicb rat on the rollers i; also with a tuotlied rib with whioh die pininn is 
plac^ in gear at A, cauBing the whole to revolve. The fire-place and chimnej are built at brick 
or atone, witti fonneU Urt» enoogh for the ends ot the ojlinder, which may fit into their place eauly 
and revolve. 

Between the end of the cylinder and the elaok there ia a dnst-chamber. In whloh the fine mate- 
rial that la carried tliroiigb with tlie drnnght may Ijave an opportunity of aettlinR. 

The charge of ore far this cylinder oonaiats of 3000 to 400O Iba, mixed nith fhim 6 to 10 per 
cent, of Bolt. The cyllndor revolves glowly, making only one or two toma a minute. 

Sittiaqet'i Perttution Tablt.—Yig. I>062 ia front elevation ot a double Rittinger table; Pig. 606*. 
a plan , Fig. 6066, a aide view ; Figa. 60G1, 60G3, U0U5, dataila. Thia appemtUB oonnata of a wooden 
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tabic, or platform, about 4 ft. vide and 8 ft. lone, which la cnapended by iron rods at the four 
oomeiB, aa b, b, Figa. 6062 to 6066, preaenting an iDoUned plane, over which the water and mate- 
rial, aapplied at the upper end, may flow evenly towanl the lower end. Tlie (able b lo hong oi to 
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moTe freely, in a lateral directioii, when aoted upon by a cam e, and may be thrown back by the 
action of a luring cL so as to strike forcibly against a timber 0. firmlj imbedded in the gronnd, by 
which means a shook is imparted to the table and the material npon it 

The charaoteristio featores of this table, as compared with the ordinary peronasion-table, are 
that the ^odc is applied at one of the Ions sides instead of at the end, and that it is self-discharging 
aud oontinnous in its operations. On the oid-fiiahioned peroosdon^table— the material being supplied 
at the npper end and evenly distributed across the width of the table by a stream of water, and the 
diock being imparted at the same end — the tendency of the heavier particles is to move backward 
at each throw or sho^ of the table, while the lighter particles, following the impulse of the stream, 
move downward toward the front edge, and are there discharged. In the case of the Bittinger 
table, all the paitloles, which are fed at the upper end and near one side, move downward with the 
stream ; but as the percussion is applied at the opposite side, they obtain at each throw of the table 
a lateral motion, which varies in amount acoarding to the density of the particles, so that Uie 
heaviest— the grains of ore— move entirely aoross the taUe to the side opposite to that at which they 
entered ; the lighter particles, or sprains of ore and gangue oombined, move part way across, while 
the lightest, or grains of eartny onaraoter, move downward in a nearly straight line, describing 
curves, as at a, a'. Fig. 6064. By this means a separation of the particles is effected, according 
to their density, and as they are disehamd at different parts of the front edge of the table, they 
may be xeoeivea there in separate troughs provided for the several classes ; the first, consisting of 
nearly pure ore, being ready for smelting or other metallurgical treatment; the second, consisting 
of mingled ore and gangue, may be retumsd for repeated dressing; and the third, nearly pure 
gangue^ is allowed to run to waste. 

Fig. 6065 shows the construction of the fimme of a double table, consisting of two eross-pieoes / 
and five longitudinal pieces g. This frfame is covered by hard-wood plank or boards, whidi are 
smoothly dressed and carefullv fitted together, forming the surface of the table over which the 
material for concentration is allowed to pass. As the top of the table, hitherto constructed of maple 
boards, soon begins to rot or wear upon the sur&oe, and thus to lose its desired smoothness, it is 
better to cover it with a stout, waterproof india-rubber cloth, which must possess the requisite 
degree of smoothness, so that the fine partidee of slime may not adhere to it, and should be light 
oolour, so that the dark streaks of ore may be clearly distinguished. The doth should be i^Pg[i^ 
to the table when warm, so that it may be well stretohea under ordinary temperature. When 
■tretohed and nailed upon the table, the edges of the doth are covered vrith narrow strips of leather, 
in order to prevent tearine, and at the upper end it is covered with a strip of zino, 10 or 12 in. wide, 
upon which the water and solid material fall from the distributing boards, passing thence quietly 
on to the doth. Such a doth-covering is said to last over a year, and to be espeoially well aoapted 
to the treament of the finest material, only the number of shocks must be increased to 120 or 150 a 
minute. 

The sides and upper end of table sur&oe are furnished with bordering strips of wood A, and a 
similar strip divides the surfiEice longitudinally In the middle, thus forming a double table. The 
lower end of the table is also furnished witlk short strips •', which may be moved on a pivot toward 
one side or the other, and the upper ends of which are pointed, to assist somewhat in the division 
of the sevend rlnnnnn of the material at the place of discharge. These pointed strips may also be 
fl^ed in any desired position by driving wooden wedp;es between them and a transverse piece of 
wood that crosses the table near the lower end, and is supported above it by resting on the upper 
edges of the side and partition strips A, to which it is nailea 

The lower end of tne table is pierced with slits or apertures j and k, Fig. 6064, through which 
the material mav be discharged from the table before reaching the lower edge, fal&g thus 
into troughs, which conduct the different assortments to theur appropriate places. The outer of 
these troughs, /, reoeives the clean ore (nm the lower edge of tbe table; tne second, /', receives 
the middlings through the aperture k; and the inner, l*\ reodves the waste stuff through the 
aperture 1'. 

Another arrangement for the disposition of the assorted material, without the use of apertures, 
is shown in Fig. 6063, in which the poor stuff or gangue is discharged over the edge of the table 
into the launder l"; the other two classes fidl into the box m, which is divided into two parts, 
opening in opposite directions, that part which is under the discharging point of the dean ore 
opening to the right and deliverine the stuff into the launder /, the other part receiving the mid* 
dlings and delivering into the launder /'. The table is suspended in an upright fhonework by iron 
rods, the length of which may be somewhat increased or diminished by means of the screw near 
the point of support. The percussion timber p forms a part of the f^rame of the table. One end 
of it rests against the timber «, being strongly pressed in that direetion by the spring (f, which is 
attached to the other end. Motion is communicated to the timber p, and thus to the table, by rods 
n, which connect it with the perpendicular rod o, against which the cams c strike. The rods n are 
attached to p by means of a nut 9, Fig. 6061, which moves on a screw, and may be adjusted for the 
purpose of snortening or lengthening the stroke by turning the head r. When the cam c pressea 
against the block at 0, it moves the table in a lateral direction, compressing the spring d, which, as 
soon as the pressure of the cam is relieved, throws the table back against the timber e, producins 
the shock, tne force of whieh is regulated by a screw « applied to the middle of the spring, and 
entering the framework above the table. The force of the stroke is increased by screwing the 
spring up closer to the frame, or diminished by withdrawing the screw. 

In another arrangement, motion is imparted to the table in a somewhat different manner, the 
cam acting directly upon the frame insteaa of by the means shown in Fig. 6062, thus drawing the 
table to one side, and then releasing it fur the movement in the opposite direction. To effect this, 
the end of the percussion timber p nearest the cam is furnished with two stout iron plates, one 
attached to each tide of the timber and extending toward the cam ; the two plates are connected 
at their other ends by a oast-iron piece which fills the space between them, ana the inner surface of 
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which is curved, so as to correspond to the carye of the cam. The latter revolvea between the two 
plates, in the reyerse direction irom that indicated in Fig. 6062, and, striking against the oast-iron 
piece, draws the table to one side. Wiien the table is released by the earn, it is drawn to the oppo- 
site side by the action of a sprine. which, as in the case already described, is of wood, bnt is placed 
horizontally, the two ends being nxed, and the middle attachea to the end of the percnssion tmiber. 
When thns drawn forward the end of the percussion timber strikes against a buffer, which Is firmly 
secured in an iron bed-plate that is screwed down to an underlying timber ; and as the shaipneBS 
of the shock — an important condition for effective work — depends upon the Ann position of this 
timber, the latter is made long enough to extend entirely under the table to the opposite side, and 
is fixed by holding-down bolts to a solid foundation of masonry. The timber is oonnected with 
and braced by other timbers that are so laid in the masonry as to distribute the shook as evenly as 
possible to the entire muss of the latter. The opposite end of the timber may serve as the founda- 
tion for the supports of the cam-shaft, one end of which is furhished with a driving pulley, and the 
other end with a 400-lb. to 600-lb. fl^-wheel 3 ft in diameter. 

The movement of tlie table is guided b^ two uprights, one on each side of the percussion timber. 
The buffer is adjustable, and by advancing or retiring it the length of the stroke may be regu- 
lated. 

The distributing board t is divided into four parts, or aprons, for each single table ; each of the 
aprons is provided with a group of distributing points. Tne material for concentration is supplied 
from a trough u, and enters the table by the apron f Clear water, of which a supply Is kept in the 
box tr, the surplus flowing off through w\ is furnished thence through separate cooks to the aprons 
t\ t^, and ^, and thus distributed evenly over the table. In the manipulation of this table, the follow- 
ing conditions are important; — ^The surface of the table must be made as smooth as possible. The 
width of the apron, from which the material for concentration is supplied to the table, should not 
exceed 8 or 12 in., dear water being distributed over the remainder. If a very dean product is 
desired, the width of the washing surface may be increased to 4 ft., making a total widtn of 5 ft. ; 
or, maintaining a total width of 4 ft., the distributing surface of the slimes may be reduced to a 
width of 8 or 9 in. The inclination of the table must be adapted to the character of the material 
to be treated ; it should be about 6° for sands, and 8^ for fine slimes. The supply of stuff to be 
treated should not exceed -^ of 1 cub. ft., oonteining 15 lbs. of sands a foot, or X of 1 cub. ft., 
containing 6 lbs. of slimes a foot According to this, a double table will treat in twenty-four 
hours 4*640 tons of sands, or 0*864 ton of slimes. The amount of dear water required is about 
the same quantity a foot of distributing breadth as that which brings the ore upon tiie Mle; 
80 that if the breadth of the ore-distributing surface is 1 ft., and that of the water-distributing 
suHaoe is 3 ft, the quantity required for one table will be, for sands, -^ of 1 oub. ft a minut^ 
and for slimes ^M^ of 1 cub. ft. a minute. The quantity of dear water must be increased as the 
inclination of the table is decreased. Hie outer edge of the table, that is, the side opposite that 
on which the ore enters, should have a little more water than the rest of the surfiEioe, in order to 
carnr off the heavier material that reaches that side. The number of strokes in a minute is, for 
sands, 70 to 80 ; for slimes, 90 to 100. The length of each stroke depends upon the tension of the 
spring d, by which the table is pressed against the block e. The spring has a length of 11 ft., a 
breadth of 3 in., and a thickness of 2 to 2| in. If the spring has a tension of 180 or 200 lbs., tne 
length of stroke should be, for sands, 2^ in., and for slimes } to f of an inch. 

Under too strong tension of the spring the table makes its return movement too speedily for the 
desired action of the particles ; the result is tiiat they move ih the reverse direction. The operation 
of the table demands great uniformity in treatment, especially as r^ards the number of blows and 
the quantity of water and of material. When the stream carrying the material upon the table con- 
tains less sand or slime to the cubic foot than the maximum above given, the tension of the spring 
should be relieved and the inclination of the table diminished. Under ordinary oonditions the 
average performance of a double table is from 2 to 4 tons in twenty-four hours, with a consumption 
of water of 1000 or 1500 cub. ft. One table requires } horse-power. 

Bee Amaloamatino Pan. Baitbbt. Buddlb. And articles on the various metals. 

OSCILLATION. Fr., Oscillation; Oeb., Schwm^ung ; Ital., Oacaiazione; Span., OscUaekm. 

Centre of Oscillation. — The time of a pendulum's vibration increases with its length, being always 
proportioned to the square root of its length. This is strictly true only of the simple pendulum, in 
which the pendulous body is supposed to have no determinate magnitude, and to oe connected with 
the point of suspension by an inflexible wire without weight. If, however, the vibrating body has 
a determinate magnitude, then the time of vibration will vary, not with the square root of its length, 
but with the square root of the distance from the axis of suspension of a point in the body called its 
centre of oscillation. 

• If each part of the vibrating body were separately connected with the axis of suspension by a 
fine thread, and entirely disconnected from uie lest of the body, it would form an independent 
simple pendulum, and oscillate as such, the time of each vibration being as the square root of the 
length of its thread. It foUows that those particles of the body which are nearest to the axis of 
suspension would, as simple pendulums, vibrate more rapidly than those more remote. Being oon- 
nected, however, as parts of uie solid body, they vibrate all in the same time. But this connection 
does not affect their tendencies to vibrate as simple pendulums, and the motion of the body which 
they compose is a compromise of these tendendes of its partides. Those nearest the axis are 
retarded by the more remote, while the more remote are urged on by the nearer. Among these 
particles there is always one to be found in which the aooeleratlng and retarding effects of the rest 
are mutually neutralized, and which vibrates in the same time as it would if it were unconnected 
with the other parts of ue body, and simply oonnected by a fine thread to the axis of suspension. 
The point in the body occupied oy this particle is its centre of oscillation. By this centre of oscilla- 
tion the calculations respecting the vibration of a solid body are rendered as simple as those of a 
molecule of inconsiderable magnitude. All the properties which bdong to a simple pendulum may 



he tmniferred to k vibrating bodj of mj magnitade and Bgait, b; conaideriDg it m eqninlent to ■ 
unfile particle of owtter vibrating U He rentro of oacillktion. 

The detsrniiiiBtioa af the poaition of the oentre of osdllatioD of a body nmull]' leqnire* the aid 
of the caionlua. It ie alwa3ni forlher from the axis of nupenaion than the oentre of grarit; it, and 



nupended fnna a point. 
' and O the eeutre of anUlatian, S O = 



ie the pcint of •uspeonon, 
IT it is the qootiont obtained bf dividing th« 



Tiie rale for finding it in anoh a case ii 
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moment of inertia of the body by the product of its maaa into the diatanoe of it« oentre of gravity 
tiora the point of auBpenmon. 

The oentre of oscillation of a atraight line or a cylinder anqiended at one end, will be diatont 
bom that end by two-thirda of it* length, while the centre of gravity ia distant one-half of ita 
length. The dislsDce in Ba laoeoelea trUDKle of the point of auipenBioii, the vertex, and tA oentre 
of oecillation will be tbree-Courtha of the length of the perpenclicalsr from the vertex upon the 
baae. The diatanoe of the oentre of gravit; Item that point Will be two-thirds of the length of 
that line. 

OVENS, Fb., Fmm; OeB., Ofm; Itau, Fbmo; 8faH., Hanio$. 

Cola Oanu. — Figa. 6067 to 6&G9 ue loDgiluliiial and tnnsvene MctioDaoftheoveiu invented by 



S«tioo ot Upper Oveni. 

Lord I>andonald tn prevent waite of amall oool and the gmeooa 
product* of ooaJ. TheovenaA areboilt in two tieta, theoneover 
the other ; the flame fn^n the lower ovena ia carried by floee B 
around the outside of the npper ovena, and keena them always at 
a red h»t^ the npmr ovens are charged Willi small coal and 
cUiBi'ly lutt'd, thua (brming a aerira of relorta, in which the vola- 
tile products of the coal are distilled and p«aa off through " 




_ _ . . are oondenaed, and Uie gas la used 

lor 1i el I ting die workB. 

When amall coal of bitouinona qnality la placed npon a coke 
henrth and the heap buUt npon it, it ia coked by radiated heiit ^ 
from the heap, in this manner li^qnantitiee of small coal are 
still ooked at some Iron-worka. This foot being obaerved wonld 
lead to the oonstraotion of ovena, where the aixah over the coal being kept at a red he«t answers the 
purpose of the coke heap. The small ooal of Yorkshire and the North of England being of a bitu- 
niiioua oharaoter and welladsptedfor ooldng, ovena of varioDSili^iMweitteiectedKr the pnipoae; 



Sactioo of Lewv Ovens. 





led to Kitempts at impraTemant in e' 
Bt a higli tcmperatura, that bei — '- 
cnkei as afternEirda explained. 

forms of OTena for ooking, boi_. 

ooitUiiiiDg only a Bmall quaotit; of bita- 
minouB matter and reqairiiiflf a high 
temperalore ; In this plnQ toe waste 
gases are burnt in the flu«fl, and thna 
mnde use of to iucreose the tempentnro 
of the ovens. 

BpeakiriK at coke for BmelUng pnr- 

Eaea, I. Lotliian Bell stated belbre the 
etituta of Mechanical EnKioeers, that 
in a coke oven the expnlsioQ of the 
volatile conatituenta of the ooel is 
effected bj' their own comboation, which 
is Dot the case when the ouaI is charged 
raw into the blast fnmaoe. Hence if a 
form of coke oven were employed in 
which there was no loss of flied carbon 
in tlie procesu of coking, the actoal oou- 
BQmptiofl of coal a Ion of iron woald be 
smaller wlien the coke was made in an 
oven tlian when the operation was per- 
formed in the fnmace itself, beoaose In 
the former case the gases themselves 
furnish the neoeasai; heat, while tn the 
latter a certain qaantlty of the coke 
itself has to be burnt for the pmpose 
llDfortauatety, it is difflonlt lo get nd 
of tlie gaseous oonstitnents of the coel 
in coke ovens without at the same time 
loBing B portion of the solid carbon also, 
nor 1b thiH to be wondered at, when the 
natura of the ordinary coke ovens is 
considered. In these the coal is ex- 
posed to a very high temperatnio lor 
periods varying from seventy -two to 
ninety-six houn; and altboogh air ia 
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profeasedly admitted in nioh a way m to nmsame the gaset only, and not the ooke, pracncallT this 
ii found to be impnasible -, and aoootdingly from a coal containing 70 per cent of fixed carbon 62 per 
cent, is abont all the coke that is prodnoed. 

Different Attempts have been made to avoid tlila <tute of carbon in ooklng. In the simplest 
plan, nliich may be r^orded as a palliation rather than a cure of the evil, the gases, instead of 
being burnt only above the coke itself in the chamber of the oven, as in the ordinary coke oven^ 
ore ooniluctrd into flues ninning under the bottom sod round tfae aides of the oven, ss In thai 
known OS Breckoii and Dixon's oi^ oven, shown in Figs. 6078 to 6061. This form of oven is more 



Jim'uiMit XJ[ 



to Dinety-Bii hours, as ia the ordlnsn oTeus, the 
sUorteiiLil period of eiposure tffoids a Dolablo 
diminution in the actioo of the sir on the coko, 
with » eorresponding iuorease in the ;ielil of 
coke obtniaed. 




0VEH8H0T WATEB-WHEEL. 

Bt the lowra' end, and 3| x 1 Ft. tX the 
are aiiiTonnded by flaes, in which the gaseoua hjdrooarbuiia a: 
being tnoamitted through Che 
(idea of the chambers, oonveris 
the coal ioto coke. Bj follow- 
ing a reguhiT order of obarg- 
ing, Bafficient heat ii olwaja 
miuutaiQed in the blook of 
ovene for efTeoting the prooeaa 
of coking aa soon ai a freah 
charge m coal is introdnoed. 
In tiiia ooke ovea tweutj-four 
honra are auffloient for the 
completion of the ooking is anj oi 
the ohsne foils oat by ita ova 
aTOided by rapid cooling. 

A third dewiription of ooke oTen U the Enab or Femolet oven, Figa. GOSS to 6088, in which, aa 
in the preceding one, no eomboition takea place in ita interior, the gaaea being burnt in Sum ron- 
ning; nnder the Dottum and along the (idea. Inatead, hoverer, of Vao combiution being direct, aa 
in tlie Appolt oven, the gaaee are conducted through a long pipe to a «eriea of oondenaera, where 
the tar and ammonlacal liquon are ooUeot«d ; and the gaa freed from these ia then used as the 
•onroe of heat for coking the coaL 

In the last two forma of oven it will be obterved that the coal ia coked in what ia virtnally a 
close retort ; and henoe &om theae orena a yield ia obbiiDed equal to the entire quantity of Sxed 
carbon contained in the ooaL There is little doubt, aaya Belt that eren after adding the extra 
coat of construction, wear and tear, and greater amount of labour in carrying on the operatinn of 
ooking in theae two orena, the increase in the yield of coke — considered ae bo much combuatibls 
matter — ofTera anScient indocement to have recourse to these more perfect formg of oven ; and 
althoogh my eiperienoe with the tar and ammonia oondensation connected with the Pemolet oTon 
was not altogether satisfactory, the results obtaioed in Fiance, where the pioceas was first esta- 
blished, are snch as would hare encouraged the oontinnance of the plan in this country, instead of 
returning, as has always hitherto been the case, to the old simple form of oven, entailing extra 
waste. As regards the qaalitj of the coke prodaocd, however, notwithstanding the difficulty of 
makinK an aocomte comparison between two difierent kinds ol f^el employed In blast furnaces, the 
geiMml eiperienoe islai^yin faTonr of coke made in the ordinary ovens without flue- --'-'- 



aqnivalent to aomething like the extra yield of cc^ obtained ftom the three forms of fined coke 
oTena inst deacrtbed. See Kiln. 

0VEB8H0T WATEB-WHEEL. Fa., Rotu hydraulique m dasia ; Gib., OberKmchtigtM Wai- 
lemd; Itu,, Buoia a oaactit di lopra ; Spun., Eveda dicajoiua. 

Thera is a want of nnifonnity among [naotioal men in tlie appUeatioo of dlstinotive appellationt 
to the aereral kind* of water-wheels Uiat oCleo leads to otuirosion and misapprehension. Srane 
define an orenhot wheel m one that seoelvea ita water over the crown, and tbat oonaeqnently 
loma afjalnst the tail-water. Aeooiding to this definition, a wlierl that reoeireB its water from a 
sluice Bitnate below the orown, and henoe revolves in the contrary direction, is a breaat-wheel ; uid 
as this wheel may take the water at a point Bituate above or below the horiiontal plane paasiog 
thtoogh the axia of the wheel, it ia neocMary to subdivide this kind into high end low brcaat. 
Others define an ovenhot wheel as one that receives its water at a point aituate between the crown 
and the horizontal plane passing through the axis, and that consequently may turn either with 
or agninst the tail-water ; and a breast-wheel as one that receives its water below this plane. This 
defloition confonnda the high breast and the overshot of tlie foimer deSnition, and necessitates the 
Bubdiviaiona of forward and back overshot wheels, according as the water is carried over the crown 
or delivered short of that point. It mBtters but little which of theae divisions .is adopted, provided 
it is clearly understood. The latter, it may be remarked, is the more common on the Continent, 
the former in thia country ; consequently we aball adopt Ibe former ; but to render our treatment 
of the subject more genenll^acceptable, we shall discuss the higli breast nnder the preeent heading 
of Overshot Wheel. 

The iraler of a stream ia set in motion by the action of gmvity, and consequently the motion Is 
ntil the resistance from fHction and other soorcefl becomes equal to the 



lia poiut is readied, the motion becomes unifon 



a of the water in thia state, wheels are designed, having either straight or cnrrod floats which 
dip into the stream, and upon these floats or paddles the water impinges. The greatest proportion 
of^the power of the stream that thia kind of wheel ia capable of utilising ia, as we have previously 
shown, ftom '35 to -40. If a sudden change of level occur lu'the bed of the stream, tlio water 
pasaea bom one level to the other without being subjected to the retarding influence of the friction 
developed in the former case. Hence a greater available force is generatM ; and as, moreover, the 
whole of the moss of water can in this case be brought upon the vrheel, an impcsaibility, as we have 
shown, in the case of the float-wheel, a much laraer proportion of the power of the stream may be 
utilized. This proportion is greater in tlie ratio of 2 to 1 ; henoe it follows ttiat a fall offers the 
most favonrable meana of turning to useful acoount the force generated by a stream of water, Unt 
to render this foroe available by means of a wheel acted upon by gravity alone, the fall must not 
be lea tlian S fL, nor should it exceed 40 fL, for above that height the constmction and mainte- 
nance of a wheel become troublesome and costly. The wheel destined to ntilize the power of a 
fall ia provided irith buoketa instead of fioaJs, which reoeive the water at the lop of the fall and 
carry it dovm to the bottom, or as near these points as possible. For aa only tlie gravity of the 
water ia employed in thia caa^ it is obrions that tije fbros developed upon the wheel will increase 
as the vertical distance traversed by the loaded bnckets. Theaa buckets are of varions fbnna, but 



2568 



OVERSHOT WATER-WHEEL. 



they are all designed with a view to retain the descending water as long as possible. When of 

wood, they oaualTy oonslBt of two parts ; the first, which forms the bottom of the bucket, is radial 

to the wheel and is called the start ; the second, forming the front of the bucket, is set at un obtuse 

angle to the start When made of iron, they are compused of one piece, and are curved in the form 

of a portion of a circle, a cycloid, an epicycloid, or an Archimedfan spiral, these forms being the 

best adapted for the retention of the water. The ends of these buckets are let into, and therefore 

closed by, the rims of the wheel, called the shrouding, and the back is formed by boards, also fixed 

to the shrouding, called sole-boards. The shroudiug is fixed upon the segments carried by the 

arms of the wheel. When the power is taken from the shaft or axle of the wheel, these arms must 

be very strong, and they must be fixed upon the shaft in a manner that will not weaken the latter. 

Consequently in such a case the wheel is heavy, and absorbs a considerable proportion of the 

motive force. When, however, the power is taken from the periphery, often an inconvenient mode, 

the arms and axle may be of much smaller dimensions, as the strain of torsion is taken off the latter 

altogether. Such wheels are called suspension or spider wheels. Wood is the material most 

frequently employed in the construction of water-wheels, but recently wheels have been constructed 

wholly of iron. The latter material is the most suitable for the buckets, as it is favourable to the 

adoption of the curved form. 

The whole fall of a water-course is the height of the surface of the water in (he upper, above 

that of the water in the lower race, that is, the vertical distance passed through by the water in 

changing its level. And the power of the stream is the product of this height by tne quantity of 

water discharged a minute. Thus, if a represent this quantity in cubic feet, and H the wWe fall 

in feet also, the power P of the fall Ib Q U. To represent this as horse-power, multiply Q H by 

528 * 5 N 
'001892, and denoting the horse-power by N, we have Q = — = — • But the whole of the fall 

JU. 

cannot be utilized. It is impossible either to take the water at the highest point, or to carry it 
down to the lowest ; hence a portion of the fall is lost, and this portion must be subtracted from U, 
the whole fall, in order to obtain the effective fiiU A, or the available force of the fall. To deter- 
mine the effective fall, let A', Fig. 6089, denote the level of the water in the upper race, and h" that 
of the water in the tail-race; ^ ^opo 

h'h" then equals H, or the ^ | ' g 

whole fall. Also, let a repre- " *^ 

sent the point at which the 
water strikes the wheel, and 
a' the mean point of discharge. 
The height h'a is rec^uisite to 
give the water a velocity equal 
to that of the wheel, a neces- 
sary condition. And it is evi- 
dent that this portion of the 
fall exerts no force upon the 
wheel, since the whole of the 
force generated b^ it is ex- 
pended in producing the re- 
quired velocity. The height 
A' a Ib therefore ineffective. 
As the water leaves the wheel 
at the point a' the height a' A" 
is wholly lost, and this height 
must be added to A' a as non- 
effective. The water Ib on the 
wheel throughout the whole of 
the height a a' ; conse(}uently 
the whole of this height is 
effective. Hence the effective 
fall is H - (A' a + a' A") = a a. 
But a a' is that portion of tiie 
wheel that is loaded with water ,- 
the effective fall is therefore 
equal in all cases to the height of the loaded arc, that is, the vertical distance from the horizontal 
plane passing through its lower extremity to its upper extremity. 

The portion of the fall A' a is employed, as we have stated above, to produce the force necessary . 
to impart a sufficient velocity to the water; but the portion a' h" is sheer loss, and the efforts of 
inventors and constructors have been directed to the reduction of this height. When the wheel is 
overshot, its lowest point must be clear of the water in the tail-race, because, as the wheel moves 
in a direction contrary to that of the tail-water, a portion of the latter would be lifted by the 
buckets if they dipped into it. It frequently happens that the level of the water in the tail-race is 
subject to considerable variation, and in such cases the wheel must be clear of the highest levels 
Hence the height a* A" is always considerable in an overshot wheel. When the wheel is a high- 
breast it turns with the tail-water, and the buckets may dip to a considerable distance without an 
appreciable loss of power, provided sufficient ventUation is afforded to prevent their sucking thd 
water. A breast-wheel therefore utilizes a larger portion of the fall than an overshot. Moreover, 
as the diameter of a breast-wheel may exceed the height of the fall, its vis viva enables it to over- 
come the obstruction of the back-water better than a wheel of a smaller diameter, and it may 
receive the water at that point where the velocity of the latter has become equal to that of the 
wheel, which is not always practicable with an overshot. This latter quality will therefore in 
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aome cases reduce the height h' a, or, rather, presenre this height from being exceeded. Thus a 
portioxi of the heisht a' A" is dne to the nature of the wheel employed. But the greater part of this 
loss is occasioned by the discharge of the water from the buckets before they have reached their 
lowest positioD, ana is therefore due to the form of the buckets and the action of centrifugal force. 
In considering the influence of the form of the buckets, it is necessarr to bear in mind that there 
are two conditions to be fulfilled, to a certain degree incompatible witn each other. These condi- 
tions are to afford a ready entrance to the water, and to retain it as long as possible. The latter 
eondition requires that the ttoni of the bucket shall be of such dimensions ana form that the water 
may flow up it, as the bucket descends, to a considerable height before reaching the edge. But 
such an arrangement is not faTourable to the ready introduction of the water ; hence a certain 
degree of compromise must be allowed between tht se conflicting conditions, with its inevitable 
consequence, a loss of fall. The degree of compromise necessary is, however, frequently much 
exaggerated, especially in the case of wooden buckets. A two-part bucket is so much more easily 
maae and repaired than a three-part, and certain angles are so much more readily found and set 
than others, that in most cases a great deal is sacrificed to what ma^ be called convenience of con- 
struction. In the case of iron wheels, these conditions have less influence, because the material 
len^ng itself readily to the curved form, that which is most suitable for the buckets is easily 
obtainea. If more care and skill, however, were shown in laying on the water, tlie ordinary two- 
part wooden bucket might be, with little additional trouble, constructed to carry its load down to 
thatpoint where its action ceases to be of much value. 

Ijie loss a' A" is, as stated above, due to the form of the buckets and to the action of centrifugal 
force. As it is important to know what proportion is due to each of these influences, we shall 
determine them separately. Leaving therefore centrifugal force out of consideration, the surface 
of the water in the buckets is horizontal. As the buckets descend in consequence of the re^ntion 
of the wheel, this surface approaches the edge of the front of the bucket, until it occupies the posi* 
tion m n. From this position to that marked P g, the water flows over the edge of the bucket. The 
arc Fn, which measures the distance from the bottom of the wheel to the point at which the water 
begins to flow over, mav be called the arc of flrst discharge, and F9 the distance from the bottom 
to the point at which the discharge ceases, the are of complete discharge. The latter is equal to 
the an^le r«<, which the front of the bucket makes with the tangent to the circumference, which 
angle is, of course, known from the inclination adopted by the designer. The former is equal to 
the angle nt-^rfnon^ the angle which the front of the bucket makes with the surface of the water 
at the beginning of the discharge. Whatever the proportions of these arcs may be, we mav always 
admit a mean arc of discharge ; in other words, oetween q and fi there is a point at which the whole 
of tiie water may be discha^;ed at once, with the same effect to the wheel as is produced by the 
gradual discharge between n and q, Xo sensible error will be committed by taking this point as 
the arithmetical mean ; that is, the mean arc of dischaige will be Fc, c being situiite at an equal 
distance from n and q. The loss due to the form of the oucket is therefore A" c. But A" c = the 
versed sine of the mean arc F c, the radius of which is the semi-diameter of the wheal. There- 
.fore, representing the diameter by D, the angle rtt by y, and tiie angle mon by jr, we have 

h**o^ Y {'~ ^'^' (y + 0)} * ^^ angle 9 evidently depends on the volume of water received by 

the budcete, as well as on their form and dimensions. 

We have now to determine the loss of fidl due to the action of centrifugal force. The water in 
the buckets of a wheel is acted upon by two forces — gravity, which acts in a vertical direction, and 
centrifugal force, which acts in a direction normal to that of gravity. The force impressed upon 
the water will tnerefore be the resultant of these two forces, and the direction of this resultant 
will be inclined to the vertical ; and as the surface of a fluid ia always normal to the force acting 
upon it, the surface of the water in the buckets will not be horizontfd. Hence it follows that thid 
surface will reach the edge of the bucket at a point in the fall above that at which it would rise 
to that level in oonseouence of the form of the buckets alone, and oonseouently the discharge will 
begin earlier: also, tne surface of the water will sooner become parauel with the front of the 
bucket, and therefore the discharge will be completed at a higher point. The mean point of dis- 
charge will thus be situate at a greater height £rom the bottom than in the preceding case, namely, 
at a* instead of c, and the portion of the height A" a\ due to the action of centrifogal force, is c a' 
The surface of the water in the buckets is slightly cylindrical* in virtue of the two foroes acting 
upon it, and it is necessary to Imow the centre of curvature in order to be able to determine tiie 
position of the point a'. In a former article, on Angular Velocity, Fig. 210, it was shown how this 
centre may be determined graphically when the relative values of the two foices are known, and it 

was also shown that this radius = ^ , m being the angular velocity of the wheel. This value of r 

furnishes us with a ready means of determining the centre of curvature. Bepresenting the number 

of revolutions a minute by n, we have « = n -- ; therefore w' = n* r;r^ r= a' ' 010965. Consequently 

_ g _ 32-22 -t- '010965 •_ 2938 

*" " n«-010965 ~ n« " n« ' 

Hence, to find the vertical height of the centre of curvature above the centre of the wheels we 
get the following practical rule; — 

Divide 2938 bv the square of the number of revolutions a minute ; the quotient will be the 
height sought, in feet. 

Example 1. — ^To find the centre of curvature of the surface of the water in the buckets of a wheel 

2938 
making six revolutions a minute. The square of 6 is 36, and — ^ = 81 * 6 ft. The centre is there- 

36 

fore situate in the vertical plane passing through the axis of the wheel, and at a distance of 81 6 ft 
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aboye this axis. ThiB example shows that, in the case of ordinary yeloottieS) the smfooe of the water 
in the buckets may be considered as plane and normal to the line drawn from the centre of corrar 
ture to the middle of that sorface. 

Exmnple 2. — To find the centre of curvature when the wheel makes twelve revolutions a minute. 

2938 
The square of 12 is 144, and rrr^ — 20*4 ft. Thus, in this case, the centre may be near the cir- 
cumference of the wheel, and consequently the surface of the water camfot, without sensible error, 
be considered plane. 

Having determined the centre of curvature, draw from this centre O', Fig. 6090, to each bucket, 
at the point situate midway between the inner ^^^^ 

and the outer circumference, the straight lines 
O'a, 0'6, O'c, and so on. Draw normals to 
these lines, passing through the end or lip of 
the buckets. The capacity of the buckets below 
these Unes will then represent the quantity of 
water they will carry without spilling. When 
this quantity is equal to that received by the 
bucket, the point of first discharge will have 
been reached, because immediately after passing 
this point the water will flow over. From this 
point / the discharge continues until the normal 
coincides with the front of the bucket, as at ^ 
when the whole of the water will pass out. The 
portion of the circumference / k is therefbre the 

axe of disofaarge, and ^ that is, the middle of 

the are /ik, is the mean point of discharge, or 
limit of the effective fall. The point h is deter- 
mined hj the coincidence of the normal to the 
radius of curvature with the fore part of the 
bucket To determine /, it is necessary to cal 
oulate the cubical contents of the bucJcet, and 
to compare it with the capacity of the latter 
below toe normal. When the centre of curva- 
ture is near the circumference of the wheel, that 
is, when the velocity of the wheel is great, 
instead of straight lines, arcs must be described 
from this centre, passing through the edge of 
the buckets, as in the former case, and the 
oapaeity calculated for this curved surface. 

It is manifest from the foregoing considerations that the lower limit of the loaded arc depends, 
first, upon the form of the buckets, and, second, upon the velocity of the wheel. Hence, as this 
velocity is diminished, the arc, and consequently the effective fall, is increased. We have shown, 
however, that in the case of a whe^l making six revolutions a minute, the centre of curvature ia 
situate at a great vertical distance above the axis of the wheel ; the arc will therefore increase very 
slowly as we diminish the velocity below this rate ; in other words, the loss of effective fall due to 
the action of centrifugal foroe is very little in a wheel making less than six revolutions a minute. 

It has been shown, too, that a volume of water acting by ite gravity exerts twice the force of the 
same volume of water when acting by its impulse. Hence it will be advantageous to increase the 
height of the loaded arc at the expense of that portion of the fall situate abo've the first-loaded 
bucket, that is, to take the water as near the top of the fall as possible. But it is evident that it 
the circumference of the wheel possesses a velocity greater than that of the water, the latter can 
exert no force upon the wheel until it has descended through a sufficient space to acquire a velocity 
at least equal to that of the wheel. Moreover, the buckets will strike against the water, some of 
which will be dashed over and lost, and the wheel will be retarded thereby. There will be no 
advantage, therefore, in diminishing the height h' a below what is requisite to give the water 
a velocity equal tothat of the wheel. Hence it follows again that the height of the loaded arc will 
increase as tne velocity is diminished ; therefore, from the above considerations, it is manifest that 
the lower the velocity of the wheel, the greater will be the proportion of the force utilized by the 
wheel to the whole force 3f the fall. From this fact Smeaton deduct a rule which he laid down 
as inviolable, and which, until very recently, has been strictly adhered tc by makers, namely, that 
the velocity of the droumference of a water-wheel should be reduced to the lowest practical limit. 
It is not possible in practice to deliver the water upon the wheel at the top of the fall; A' a mu&t 
therefore of necessity have some value, and this value will be at least sufficient tc bring the water 
upon the wheel with a velocity of 3*5 fk. a second. This velocity is consequently the lowest prac- 
tical limit, and is the one adoptee! by Smeaton. This rule has been generally followed by mill- 
wrights, who have designed the motor wheel to revolve with a velocity of 3} ft. at the circumference, 
and then introduced gear work between the wheel and the machine to bring the speed of the latter 
up to the required "rate. Wo cannot but regard this pmctice, however, as altogetner wrong if fol- 
lowed out strictly. We have seen that a wneel making six revolutions a minute loses only a small 
portion of the fall from the action of centrifugal force when the diameter of the wheel ia not great. 
Suppose a wheel 22 ft in diameter. If it has a velocity at the circumference of 8} ft. a second, it 
will make about three revolutions a minute, and with double this velocity, it will make six revolu- 
tions a minute. The loss of fall from the action of centrifugal force due to the greater angular 
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velocity will be represented by -^ — j^ , the yalne of which will not be great To bring the water 

npon the wheel with the inoreafled velocity, an additional head of 9 in. will be required. This 

will be the loss of fall above the wheel, du^ to the greater velocity. Representing the value of 

a a ^' 

^ — r^ in feet of fall by m, and the additional head, also in feet, by n, we have the total loss of 

fall due to the greater velocity szm + n^ the value of which in the above case may be taken 
approximately as If ft 

Now, what is the gain to set oif against this loss ? In the first place, the via viva of the faster 
wheel will ensure in every case greater steadiness and regularity of motion, and this is an important 
advantage. But if the greater velocity will remove the necessity for intermediate gear-work, the 
balance will certainly be on the side of the greater velocity ; for the proportion of the motive force 
absorbed by gearing of all kinds Ib enormous— a fact too often lost sight of by those who debign 
machines. To determine the velocity of a water-wheel, therefore, it wul be necessary to take inio 
consideration the particular conditions under which it has to work, the nature of the machinery it 
is required to driven and the kind of work the machinery l:as to perform : so that the velocity will 
depend almost entirely upon circumstances unconnected with the wheel itself. There are, how- 
ever, limits beyond which it is well not to go. 

Our investigation of the influence of centrifugal force showed that above six revolutions a minute 

the value of m increases rapidly, and as n increases as the square of the velocity, that is, in a like 

proportion, the value of m + <* would become sufficiently great to occasion a serious loss of fall, or 

tn •{• n S. 

p. • approaches too nearly in value = . The extreme limit to the velocity of the oiroumferenoe 

may be fixed at 10 or 11 ft a second. It is equally clear that we cannot descend below Bmeaton's 
velocity of 3) ft. a second without loss, since our investigations have also shown that a wheel moving 
with tiiis velocity exerts the greatest possible effect, or rather utilizes the largest possfble propor- 
tion of the total force H Q of the fall ; for, as we have seen, it by no means follows that a wneei in 
those conditions transmits the g^^eatest possible effect to the machine, a large proportion being 
frequently absorbed by the intermediate gear-work. We may therefore lay down, as a rule, that 
the velocity of the circumference of a water-wheel may not be less than 3*25 ft. a second, nor 
greater than the square of 3*25 ft, and that within these limits the velocity must be determined 
according to the nature of the work to be performed. 

We luive seen that the water must arrive upon the wheel with a velocitv equal to that of the 
circumference ; therefore, when the velocity of tne latter has been determinea, we have next to con- 
sider what portion of the fall is required to produce this velocity. Theoretically, the velocity due 

to the head of water is expressed by V = V 2^ H ; but the contraction at the orifice and friction 
will modify V considerably. Moreover, in the case of a forward overshot the water flows upon 
the wheel from a wheel-race, and falls freely through the distance from tnis race to the wheel. 
Consequently the falling water describes a parabola ; and as the extent of this curve depends upon 
the velocity, it cannot be determined until the velocity is known. But the free entrance of the 
water into the buckets will depend, in a great measure, upon the proper directing of this curve; 
and hence it becomes necessary to determine the exact point at which the water meets the wheel, 
as well as its exact velocity at that point. Careful attention to these matters is reauisite whenever 
it is important to utilize as much as possible, of the power of the fall ; in other woros, whenever it is 
important to economize water. The researches of Poncelet, Lesbros, and Morin, who followed in the 
wake of Borda and Michelotti, have furnished us with the means of solving the foregoing problems 
readily and accurately. 

To find the Vehctty of the Water upon the Wheel-race, — ^Though the presence of a wheel-race 
beyond the sluice does not influence the discharge, it diminishes the velocity of the water after it 
has passed the oriflce. The fluid vein sprcHewis out and the mean velocity becomes less. The 
following formula gives the velocity of the water after it has passed the sluice by a distance equal 

to twice the depth of the opening; U = ^ 



^' +(!-)■ 



In this formula « is the velocity sought^ and m the coefficient of disoharge for the given 
orifice. 

The following rule will, however, be found sufficiently accurate for practical purposes. 

To find the velocity at a distance from the opening equal to twice its depth, multiply the 
velocity due to the head by 0*85. 

To find the Velocity of the Water at the edge of the Wheel-race, — A wheel-race is usually so short 
that the infiuence of friction may be neglected. If, then, we represent the velocity at the edge bv 
II, the head due to the mean velocity at the point situate at twice the depth of the opening by H*. 
and the inclination of the race, that is, the height of the lower side of the openmg above the 

extremity of the race by \ we shall have u = a/ 2^ (H' -h A). 

To draw the Curve deecrtbed by the mean Particle of the Fluid Vein^ after leaving the Wheei-race, — 

When the velocity of the water at the end of the wheel-race is known, it is easy to trace the curve 

described by the mean particle of the fiuid vein after it has left the race. Let « s that velocity ; 

a = the angle of that velocity and of the wheel-race with the horizontal ; x = the abacisssB of the 

curve measured upon a horizontal line drawn through the middle of the section where the mean 

velocity is u, and y = its vertical ordinates from the same origin. The following formula then gives 

a X* 

the value of w ; w = r—^ r- -f- x tan. a. 

'' '' 2 M» oos. *a 

8 A 
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Bv giying as yolnes eqnal to 1, 2, 3, 4, &o., inches, we shall obtain the oonespondingTalnea of y^ 
and the cnrre may be traced through the points thus found. 

When the wheel-raoe is horizontal, we have a = o, oos. a = 1, tan. a = a, and y = ^-^ . 

In the case of an overfall, we may find the Telocity of the mean particle approximatiyely from 

the formula u s V2 g x 0*6 H ; because the depth of the water upon the crest or sill of an oyer- 
fall is only about 0*80 of the height H of the level aboTC this same point, and therefore, the mean 
particle being at 0*60 of this height, its velocity will be that given by the above formula, and will 
DC nearly in the horizontal direction. It wUl thua be ^asy, in eyery caae, to determine the parabola 
described by this mean particle. 

To find the Velocity of the Water on iti arrival upon the Wheei, — ^At the point where the carve 
descril>ed by the mean particle meets the outer circumference of the wheel, draw a tangent to the 
curye ; the direction of this tangent will be that of the velocity V of the water on its arrival upon 
the wheeL Then to the height due to the yelooity «, add the height from this point of meeting to 
the origin of the curve. The velocity due to the sum of these heights Will be &e yelocity V with 
which the water arrlyes upon the wheel. 

We have already shown that the water should reach the circumference of the wheel with a 
yelocity at least equal to that of the circumference. But to ensure the buckets fillkig properly, and. 
at the same time, to prevent the water from striking against the outer face of tiie buckets, it should 
possess a velocity slightly in excess of that of the okcnmference. This yelooity may be determined 
in the following way ; — 

Haying found the point c, Fig. 6091, at which the mean particle meets the droomferenoe of the 
wheel when the yelocity of the water at that point is equal to 
that of the circumference, and the direction of the yelocity Y ^g^^ 

at that point ; from the same point, draw a tangent to the outw ^'^^P'^"*^-^-.^ 
circumference of the wheel. Bet en upon this tangent, to any s^^^ ""^ ^>Ac£jj gj^-' 

s^e, a length c tf to repreeent the yelocity of the clroumferenoe. 
Through the point c driaw the profile a 6 c of a bucket, and from 
the pomt e. parallel to the face 6 c of the bucket, draw a line to 
meet the direction of the yelocity of the water at c. The length 
c d will then represent, to the same scale, the velocity which the 
water should possess at the point c. 

When the yelocity of the wheel has been determined, the portion of the fiftll V a. Fig. 6089, 
requisite to give the water the due velocity is thus readily found. Bepresentine this quantity by 
A, we have H — A = the height of the bucket into wliich the water is delivered, and this height 
will determine the diameter of the wheel. In the case of an overshot, it is obyious that the 
diameter can exceed the height H— A by only a very small ouantity, since the water has to be 
brought over the crown of the wheeL Instances are frequently met with in which the diameter 
has been made equal to this height, that is, in these cases the water is delivered upon the crown 
of the wheel. A greater effect, howeyer, may be obtained by carrying the water over the crown 
and delivering it at about 25^ below, that is, at 65^ above the horizontu plane passing through the 
axis of the wheel, as this anangement gives a larger diameter. The radius of the wheel, in thia 

cose, is giyen by the formula B = ^ ^ ^j^ ggo = 7^. 

If the wheel is a high-breast, its diameter is likewise determined by the height H — A, but 

evidently it may considerably exceed that height or eyen H, because in this case the water is not 

carried oyer the top of the wheeL Practically, however, this wheel cannot be made much larger 

than the overshot One of the advantages of this wheel is that the water may be applied to it at 

the point which gives the greatest effect ; and this point is situate at 52^ S3' from the summit of 

the wheel, or ST' 27' from the horizoatal plane passmg through the axis, because at that point we 

get the greatest possible height of loadea aro, with the greatest possible radius. The diameter 

must therofore be determine so that the wheel may take the water at this point, and to fulfil 

H— A H— A 

this condition the radius is found by the formula B = _-- — : — -.q ■, = - "^^ . 

1 + Bin. oT^ 00 1 * bl 

As this kind of wheel moyes in the same direction as the tail-water, it may, without appreciable 
loss, dip a few inches into it, and in such a case H must be increased by that quantity. 

The form to be given to the buckets of a wheel is a consideration of the highest importance. 
As we have already seen, the loss of full u' A", Fig. 6089, may be attributed wholly to the form of 
the buckets. For though we have shown that a portion of that loss is due to the action of 
centrifugal force, it would be possible, wero no other conditions imposed, to counteract the effects 
of this force by the form of the buckets. Thus nothing could be easier than to construct a bucket 
that should take the whole of its water down to the lowest point. But there are two other 
conditions to be fulfilled, and these are, first, that the bucket shall receive the water while under 
the sheet that is poured on to the wheel ; and, second, that the bucket shall not carry its 
water beyond the vertical line passing through the axis of the wheeL For it is evident that 
if the bucket does not receive the whole of its water while in that position, a portion of the 
water will fly off and be lost, whilst the remainder will fall into the backets at a lower 
point ; and it is equally eyident that if the water be carried beyond the yertical it will destroy 
a portion of the work of the water in the descending buckets. To these conditions may to 
added a third, namely, that the form adopted shall be easy of construction. Engineers and 
millwrights have sought to ascertain what form best fulfils these antagonistic conditions, or rather, 
what form constitutes the most advantageous compromise between them ; and though the problem 
has not yet been solved with sufficient precision to lead to uniformity of practice, wheels are now* 
constructed that leave little to be desired in this respect The adoption of iron as the material of 
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eomiraction has simplified the question in a great degree, for with the introduction of this material, 
the tiiird condition mentioned above, which in practice is one of great importance^ may be 
oonsidered to be eliminated, sinoei within certain limits, one form can be as readily produced tm 
another. But when wood is used, a good deal must be sacrificed to this condition. The form 
which best fulfils the re<{nirements of a ready reception, and a long retention of the water is 
obyiously a ouire ; but this form is impracticable in wood. The form of the curve must tibenfore 
be approximated to by means of angles. The multiplication of these, however, would be attended 
with considerable difficulty of construction, and for this reason the number of angles in a wooden 
buckt t never exceeds two. Buckets forming two angles are oJled three-pitft buckets, because they 
consist of three pieces. But even these are usually considered too difficult to construct and repair, 
and the common wooden bucket will be found to consist of onlv two parts, and consequent to 
contain only one angle. This angle is of about 114°, such being found to fulfil the required 
conditions most eifeotually. When iron is used, any curve may 1^ readily obtained, and several 
kinds, as the segment of the circle, the cycloid, the epicycloid, or the Archimedian spiral have 
been employed. Each of these curves possesses certain advantages over the others, but when all 
the requirements of a bucket-curve are taken into consideration, the balance of advantage wiU, 
we think, be found in favour of the arc of the circle; and it is this curve that is now generally 
adopted. We shall therefore, in describing the methods of obtaining the curves^ consider this 
one only. 

The depth of the shrouding in overshot and high-breast wheels is usually made eoual to 12 iiL. 
and the same distance is allowed between the buckets. With respect^ however, to tne number of 
buckets in a wheel of a given diameter, there is a want of uniformity in the practice of engineers. 
The following approximate rule is sometimes used ; — In wheels from 12 ft. to 25 ft. in diameter, the 
number of buckets = the diameter x 2*1; in wheels from 25 ft. to 40 ft in diameter, the number 
= the diameter x 2*3; and in wheels from 40 ft. upwards, the numb» — the diameter x 2*4. 
Probably the best practice in to take that number which, being exactly divisible by the number of 
arms, give the distance apart nearest to 12 in. For example, a wheel 20 ft in diameter has- a 
circumference of 62*8 ft., and supposing the number of arms to be 6, we have 60 as the number 
nearest to 62*8, which is divisible by 6. Taking 60, therefore, as the number of buckets, the 

62*8 
distance apart will be -g^ s 1*04 ft. 

The form of the buckets is, as we have seen, a matter of great importance, and we have also 
seen that the form is. in a great measure, determined by the materials employed and the degree of 
skill available for their oonstruotion. We shall now aeaoribe the methods by which the various 
forms and dimensinns are obtained. 

Draw, Fig. 6092, with the diameter previously determined, the ofuter circumference of the wheel, 
and, with a diameter 12 in. less, describe 

from the same centre the inner ciroumfer- 609x 

ence; this latter droumference will then 
represent the sole, and the former will limit 
the depth of the buckets, the distance of 
12 in. comprised between the two being the 
depth of the dirouding. Divide the outer 
circumference into as many equal parts as 
there are to be buckets, and through the • 
points of division draw lines to the centre. 
If the buckets are to be two-part wooden 
buckets, as in No. 1, describe from the same 
centre, that is the centre of the wheel, a 
mean circumference, and the portion of the 
radii cut off by this mean oirde will be the 
starts or bottoms of the buckets. To obtain 
the wrist, or fore parts of the buckets, join 
the ends of the starts to the points of 
division on the outer circle corresponding 
to the next radius in each case. This 
method of obtaining the wrist is the one 
generally adopted fur small wheels. In 
large wheels these portions of the buckets 
should bo longer; and to give them the 
requisite additional length, set oif upon the 
outer circle a distance beyond the next radius 
equal to one-fourth of the depUi of the 
shrouding, and join this point to the end of the start, instead of the point corresponding to the 
radius, as shown in No. 2, Fig. 6092. It will be noticed tliat this method of obtaining the wrist, 
besides increasing its length, alters its angle, and so renders it capable of retaining the water to a 
lower point ; but it narrows the distance between the angle of a Ducket and the mce of the next 
lower Imcket This distance may, however, be diminished to ^e extent shown in No. 2 without 
disadvantage : and the form of bucket thus obtained is decidedly superior to that given in No. 1. 
We think it might be applied advantageously to small as well as to large wheels. 

The obtain the three-part bucket, as shown in No. S, describe two intermediate circles, dividing 
the depth of rim into three equal parts. The intersection of the first of these circles with the radii 
will give the length of the start. Set off upon the outer circle a distance from the extremities of 
the radii equal to one-fourth of the depth of the shrouding, and from these points of division, draw 
lines towanls the centre of the wheel. The intersection of these lines with the second intennediatei 

8 A 2 
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oiicle will give the lengUi of the ann, to obtain which, join the point of intenection with the end 
of the start The wrist is obtained by joining the end of tlie arm to th^ point of divinon on tiie 
outer circle corresponding to the next radius for small wheels, and to the point of division cone- 
spending to the end of the arm for large whetls. 

The mode of obtaining the curved bucket is shown in Ko. 4. To obtain this form, describe an 
intermediate circle at a distance from the inner circle equal to Cne-third of the distance between 
that and the outer circle. The intersection of this intermediate drole with the radii will give the 
length of the start Join the end of the start with the division on the periphery corresponding to 
the next radius, as A O, for small wheels, and with a point at a distance beyond this division equal 
to one-fourth of the depth of tlie shrouding, for large wheels, as in. the former cases. Bisect A O in 
D, and upon D erect tne perpendicular D £. From the extremity A, draw A B at an angle of 15^ 
with the radius. The point of intersection of the line A B with the line D E will be the centre 
from which to strike the bucket-curve with a radius = E A. The angle of 15^ is the one generally 
adopted for overshot and high-breast wheels ; but in lam wheels an angle of 12° may be adopted 
with advautaga Wheels having buckets obtained irom this angle carry their water down to a very 
• low point in their revolution. It may be remarked that in practice the start is not straight, as 
shown in the figure, but rounded. 

When the wheel is working at its ordinary speed, the buckets sl.ould not be more than half full, 
otherwise a loss of faU will be occasioned by the too early discharge of the water ; in other words, 
the point of first discharge will depend, other things being equal, upon the quantity of water in the 
buckets. Consequently the breadth of a wheel will be determined by the quantity of water 
requisite or available. Tliat is, the breadth of a wheel must be such that when moving with the 
requisite velocity, the buckets may be half filled, and no more than half filled, as they pass beneatii 
the sluice. v 

Facilities must be afforded for the escape of the air contained in the buckets, otherwise the 
water will not enter freely. Various expedients have been resorted to, such aa boring holes in the 
sole plate, for example. This mode of ventilating, however, is objectionable, on the ground of 
allowing a portion of the water to escape. The best system of ventilation consists in a proper 
delivery of the water. If the sheet of water which is poured upon the wheel be thinner than the 
l)readth of the opening between the buckets and shorter than the length of the buckets, the air 
'will escape freely as the water enters. There is, however, one case in which some other system of 
ventilating becomes necessary, and that is when the wheel has to work in back-water. In some 
districts tnis is a very frequent case, and consequently a suitable provision must be made for it 
The system generally adopted in such cases is tluit introduced by Wm. Fairbalm, and is shown in 
Fig. 6093. As the water enters, the air in the bucket passes out through the opening in the sole- 
pit^ as shown bv the arrows a, 6, and as the bucket rises from the 
CMusk-water. the air re-enters and prevents the water from rising with 
it or, as the millwrights term it, prevents the bucket from sucking. 
When ventilated in this way, a wheel will work satisfactorily in several 
feet of back-water. 

The dimensions of the arms and axle are calculated in the usual 
manner according to the strain brought upon them, and the nature of 
the materials employed. The following formula is applicable to the 
gudgeons ; W being the weight upon the gudg eons in cwts., and D the 

diameter of gudgeon-journal in inehes, D = 'V '86 W for wrought iron, 

and D = */kfW for cast iron. • 

When the height of the effective fail is known, the work of the wheel 
may be readily calculated. Thus we have seen that the total power of 
a fall is Q H, and that the effective power, that is, the foroe which may 
be utilized, is Q A. The effective &]l A is equal to the mean height of 
the loaded arc, which' is the vertical distance from the point at which 
the wheel receives the water to a point situate half-way between the 
points of first and final discharge. To determine the work of a wheel, 
therefore, find the effective fall A and the quantity of water Q expended 
a minute ; then the foroe impressed upon the wheel is Q A, wnich is 
the total or absolute work of the wheel. The useful work, that is, the 
foroe it is capable of transmitting to the machinery, is Q (A — «), « being the quantity of work 
absorbed by the friction of the gudgeon-journals, expressed as feet of fidl. The effective horse- 
power of the wheel is P = '001892 Q (A — x\ and the quantity of water necessary to exert a 

5288*5 P 
given force is Q = ^ . ^ . . In a well-designed and carefully-oonstrneted wheel, Q A should equal 

-80 Q H; it is rarely, however, that this high peroentege of work is obteined, -70 QH being the 
limit seldom exceeded, engineers having apparently become satisfied with the type of wheel that 
gives this result 

The preceding method of calculating the work of a wheel is probably the readiest, as weU sa 
the most accurate. The following formula, due to M. Poncelet, has becm found to give very exact 
results, Po = 48QA + 6Q(Tcos. a — v) v, in which P represento the weight raised by the circum- 
ference of the wheel, and v the velocity of that circumference in feet a second, and theiefoie P o s= 
the work of the wheel. The remaining symbols Q, A, T, and a, represent respectively the quantity 
of water in cubic feet a minute, the vertical distance from the GQttom of the wheel to the point 
in which the mean particle of the fiuid vein meete the circumference of the wheel, the velocity of 
this mean particle, and the angle formed by a tengent to the curve of this velocity, drawn from 
the point at which the particle meete the circumference, with a tangent to the oiienmferenoe, drawn 
from the same point. 
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We shall now show the applioation of the foregoing principles to the designing of a wheel to 
utilise a given water-power. The example shown in Fig. 6094, which we take as an iUastzation, 
was designed to work the pnmps of a lead mine, 80 fathoms 
in depth below the adit, ana in which the quantify of 
water to be raised necessitated a motor of 20 effective 
hone-power. The total available Ml was 25*5 ft., and 
the mean discharge of the stream, when not swollen by 
rains, was fouud to bo 550 cub. ft a minute. Thus the 
total power of the fall was 25*5 x 550 x '001892 = 265 
horse-power. Obviously, therefore, to make 20 of this 
horse-power effective, the wheel must give an unusually 
high percentage of work. As it was requisite that tiio 
wheel should have a velocity of 7 ft. a second at the cir- 
cumference, the head required to brine the water upon 
the wheel with this velocity is 9 in. Tne value of h may 
therefore be taken as 9 x 2 = 18 in., and H — A = 25*5 
~ 1*5 =r 24 ft Applying the formula already given, 

24 
we have -r-ra = 15 = the radius of the wheel. The 

diameter of the wheel will thus be 90 ft. The cir- 
cumference is 80 X 8 * 1416 = 94-248 ft. The number of 
arms being 8, 96 will be the nearest number divisible by 
the number of arms, and therefore 96 = the number of buckets. To carry the water down to the 
lowest possible point, curved iron floats are used, the length of the wrist being found as in No. 2, 
Fig. 6092, and the oentre of curvature determined, as shown in No. 4, with an angle of 12<'. The 
sectional area of a bucket is approximately 9 in. x 12 in., and as the buckets are not to be more 

9 X 12 
than half full, we l^ave — j^— = 54 sq. in. as the available area. The discharge of the stream is 




2 



550 



— s 9*16 cub. ft a second, and as the wheel has a velocity of 7 ft a second, seven buckets will 

pass the sluice in that time. Hence we have 54x7xdps9*16 cub. ft = 15828 in. ; whence 

15828 
» = =2 — 7 = ^^ ^°*> ^^oilj = the length of the bucket, and consequently the breadth of the wheel. 

If the work of this wheel be calculated from the height of the loaded arc, as described abovcy 
it will be found to be about 80 per cent of the total power of the fall. 

The mode of applying the water to a wheel is a matter of great importance, and one which has 
not received its due share of attention. Inutead of being directed into the buckets, in very many 
instances it is left to get in as best it can, and the tardiness with which it frequently enters under these 
conditions has rendered it necessary to give a longer radius of curvature to the fore parts of the 
buckets than would be requisito were more care tidcen in the application of the water. The angle 
of 12° which we have spoken of above, and which has been adopted in the foregoing example, we 
recommend only on the condition that tiie water is delivered in the most fitting manner, and it 
therefore behoves us to consider briefljr this question. 

When the wheel is overshot the orifice of the sluice should be brought as near as possible to tlio 
top of the wheel, and from this point a wheel-race should coDdnct it to the requirt;d point This 
wheel-race should be slightlv inclined, and its length should be such that, with the given head of 
water, the dieet may meet the circumference of the wheel in the direction best suitea for a readv 
entrance into the bucket at that point The thickness of this sheet should be less than the width 
of the opening between the buckets, and its breadth less than the lensth of the bucket by about 
4 in., thus allowing 2 in. at each end for the escape of the air. The wneel-raoe ought never to be 
inclined more than ^ and about half an inch play should be left between the end of the race and 
the wheeL 

When the wheel iA high-breast, the orifice of the sluice must 
be placed directly over the point to which the wator is to be 
applied, and the sides of the orifice so disoosed as to direct the 
water into the buckets. The method of finoing the proper direc- 
tion of the sheet is as follows; — At the point c. Fig. 6095, at 
which the wator meets the circumference of the wheel, draw a tan- 
gent « to this circumference, and trace the profile c 6 a of a bucket 
Take the velocity v of the wheel as equal to '66 of the velocity Y 
of the eflSnent water, and mark off to any scale a length c e to 
represent this velocity. Throiu;h the point e draw e d pantUel to 
the face 6 c of the bucket and from tiie point c, with a radius equal 
to y on the same scale, describe an arc cutting the line ediad. Join 
the points d and c. Then the line d o produ<^ will be the direction 
sougbt 

The line d c shows the direction of the mean particle of the fioid 
vein ; to find the directions of the sides of the orifice, repeet the con- 
struction 2 in. above and 2 in. below the line d c. The lower edees of 
these sides should terminate in a circumference concentric with the 
wheel, with a radius half an inch greater than that of the wheel. 
The breadth of the orifice should be less than the width of the open- 
ing between two consecutive buckets, and its length should be 4 in. less than that of the buckets, 
M in the preceding case, to allow the air to escape freel]^ When the water is applied to the 
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wheel from an overfall* the edge of the OTerfiiU must be determined in the same manner aa the 
eideB of the orifice described above. 

See Float Water-wheels. Htdbaulio Machines, Varietiea of, 

P ADDLE- WH£EL. Fb., Boue a aubes cu a palettes dPwi bateau h vapeur; Gtes., Jiudety or 
Schaufelradenies Ihimpfachiffes ; Ital., Bvota a palette ; Span., Rueda de paletcu propuhora. 

See Marine Engine. 

PAPEB MACHINEBT. Fb., Machine a papier; Geb., Papier-Maaohine ; Ital., AfaocMna da 
carta ; Span., Maquinaria para la fabrioadfm depapeL 

The difitinctive feature of hand-made and machine-made papers is, that whilst the former is 
made in separate sheets of limited sizes, machine-made pa{>er, though limited in widtii, runs off 
fh)m the machine in long rolls, frequently more than a mile in length without a break. Although 
the use of the machine is all but universal for ordinary papers, some of the more ooetlv descriptions 
are still hand-made— drawing papers, for instance, and tnat known as antiquarian, which measures 
about 53 in. by 81 in., is the largest so made. Such is the quantity of liquid pulp required in the 
manufacture of a single sheet of this paper, that eight or nine men are required to manipulate it ; 
whereas, when once the paper-making machine is in good working order, but little superintendence 
is necessary. 

Of late years the demand for paper has developed to so great an extent, that the paper-makers' 
best stock— rags—has not been supplied in anything like sufficient quantities to meet their require- 
ments. Much expense has been mcurred, and great injpenuity has been displayed in attempts to 
utilize a number of other fibrous materials for the manu&cture of polp* Esparto grass, straw, and 
wood are now largely employed in the fabrication of pulp suitable for printing paper ; bageing, 
canvas, and old rope are used for brown and other oovse papers, but hitherto no suostance has been 
found to supersede, or even to satisfactorily supplement rags for the finer kinds of paper, sndi as 
writing ana drawing papers. Weight for weight in the raw material, rags are far more costly than 
other substances employed; but when the waste in manufacture is taken into account, togeUier with 
the cost of the various processes and the value of the pjroduced pulp, the balance in favour of the 
recently-adopted raw materials is very much reduced. Whatever article is used for stock, it is only 
in the manufacture of pulp that the processes are dissimilar, for the pulp once obtained, there is no 
difference in principle mvolved in the machines which turn it into paper. 

We have first to consider paper made from rags, and as the quality of the pulp depends upon 
the description and regularity of the rags employed, it is of the utmost importance that tneqe should 
be carefully sorted and cleansed. In the rag-sortiog room, which is usually in an upper floor of the 
mill, rows of tables are arranged, provided with boxes divided into numerous oompaitments. 

The top of each table is covered with a wire-gauze sieve, and there is fixed an upright knife with 
its edge facing the sorter. Girls are usually employed for this operation. They teke each piece of 
rag separately from the unsorted mass, tear and slit it into small fragments against the knife, 
remove all foreign matters* shake off the dust as much as is possible, and pla^ the rag in ito 
proper compartment. 

Fig. 6096 is a ground plan to show the general arrangement of a paper-mill for two rag paper* 
making machines, Figs. 6097, 6098, longitudinal sections, and Figs. 6099, 6100, oross-sectionB 
of tlie mill. A, rag store-rooms; B, main building, consisting of three stories and attics; on 
the ground floor are placed rough rag-dusting room, rag-engine gearing, immersion boxe& and 
wet presses. On the first fioor are the rag-engines and the rag-boilers, which are suspended with 
their gearing nearly over the alkali store ; also the mixer for oleaching liouors, and stock cisterns 
with gearing driven from upright shaft. On this fioor space is left for a large quantity of boiled 
rags stored in boxes or tanks, and for the store of hau stuff from immersion boxes and gaaing 
cells. 

In the second fioor are placed the rag-6utting, willowing, fan, and dusting machines, with the 
necessary eeoring ; at the end immediately over the rag-boilers, trap-doors or hatchways are cut in 
the fioor, through which the boilers are charged with uie prepared and assorted rags. The rags, 
both assorted and undusted, are stored in convenient receptacles both on thi^ and on the third floor. 
On the third floor are die hand-cutting machines, and space for sorting and dusting the rags. 

G contains the paper-making machines, with an engine to each machine. Thu is a long one- 
story building, with plenty of light, and a roof provioLed with ample means for ventilation ; and 
arrangements should be made to carry off the steam from the machines, as, if it is allowed to 
collect, it will condense on the roof and drop down upon the paper in the machines, spoiling the 
roll in hand, and injuring the character of the mill for regularity in quality. 

The machines must be erected on good solid foundations, and the floor should be laid with a 
gentle slope to allow all water to run at once out of the machine-room. To allow of easy access to 
the machme, and for the occasional removal of a roll for repairs, there should be a clear space on 
each side of the machine about 1 ft. wider than the machine itself; thus, a 6-ft. machine should 
be erected in a room not less than 20 ft. wide. 

D, sizing and parting room, similar to 0, but wider, to allow the stock of sized and unsized 
paper to lie a sufficient time fiiftor being made and sized. 

E, drying-machine room, about the same size as 0, with engine-room at the side, one engine 
driving both drying machines. 

F, a two-story building, containing on the ground floor the cutting, glazing, and rolling 
machines, the base plates for dry presses, and hoists for the cut and glazed paper. The hoists are 
worked by a steam-engine, either separately or together, and lift to the upper floor which contains 
the dry presses, the general finishing apparatus, and the store of finished paper. 

G, on the grouna fioor the size-making is conducted, which is lifted to the upper floor, a 
sufficient height to allow the size to flow freely to the sizing machine. 

H, for chemical apparatus, is one story high, with ventilation in roof, and flue to conyey gases 
to chimney. 
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1, alkali store, on the gTOimd 
floor. On the flooi above, aa 
before mentioDed, are placed 
the rag-boilera. 

K, eagiiie - room for tag' 
oDeinea, iritb ateam-boilen and 
chininej at tide. It is cod- 
■ideied preferable to have < 
aereral enginea to drive the 
■epomte maohines, rather than 
large enginea cominunicatiiii; 
b; loDg lines of shafting with 
the T^ouB machines. Bf thia 
meaus the heavy coat of ahaft- 
iag sad nnmerona dmma is 
avoided ; the machlnea may be 
worked to a great extent inde- 
pendentl J of eaali other, whilst 
it a convenient positioii is 
eboeen for the range of ateom- 
boilera, and the ateam-pipea ate 
oarefullj lagged, ocmparativel; 
little power is lost. 

L la a general atore. H, 
store fbr acrow and sulphide. 
If, general ehopa and ofSoes. 

DustiHji XacMiu. — The meet 
sliiiple apparatus consists of a 
trancatec cone turoing oa the 
axis of the large cirale, snd on 
two pnllejH working Into a 
groove in the top of the small 
circle. Thecaseisooveredwith 
a web of wiio-work. The in- 
terior of the casing is fiirniahed 
witli iron ti?eth placed spirally, 
wtiich force the tsga to pass 
Ihroogh the opening oppomie 
totheiolet A dnstijigmacbiDe 
of this kind a oalj suitable for 
fine, clean, and hMf-dean rags. 
Fig. 6101 is a lag-duster made 
after this plan by O. Tidcombe 
and Son, of Watford. 

To render the action mora 
forcible, there most be placed 
in Hie interior a shaft having 
iron arms arranged spindly. 
These aims carry (be rags 
against the wire gauze, wbioh 
tains inversely to the rotative 
movement of tlie shafL This 
ansngemeat is ptefeiable for 
very dirty rags, hems, scama, 
and the like. 

When the dnstiug moohliu 
is oflindricaJ, ft may have an 
inelmadon of 25° to 40 '. 

The devil serves for divid- 
ing and dosting the partiolea of 
linen, hemp, oakum, and ropes. 
Constructed oa the stimo prin- 
ciple as the preceding appara- 
tns, it offers a resistance in 
ratio with the work whifb ft 
should produce. The iron axis 
ntto;l with spindles ia alune 
movable, and the impurities 
(all upoik the web of an iron 

The waste cansed by the 
devil, sotnetimes very consider- 
aUe, has caused its rejection 
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openUoD of vuhing, sad the dISbient other i 

J._. .1. i.-ii. .. a. . it. --'Ipn o, u^ ^ ^ 

>n any othei ng-diuter. 




Jktte-ot'tiA* C.J>. Aetun. m bi« ^ Jt 



Wb«teT« be the diuting nuiobiDe employed, it ia indupeiuable to enokae it in a fnuue eued m 
mod Tor lao«lisiD>|E the dust and other Impmitiea wtiioh, mixed vith the flbrae, uf called doating- 
imehbie mate, ^e qnali^ 
of thia waale nuyinft wicati- 
Ine to tha nktnn of the ngik 
it M importMit Dot to work 
cm the Nine daj » greater 
Tsrlet; of ngi tliMi Mtn be 

B. Dmihi ^ Co.'i Spherieal 
Stilarn Bag-boiUr, Vig. 6102. 
— TbMstpheriool high-piee- 
■DTS boilers mo mtde ia 
wrought iron, about 8 ft. 
diameter. Tbe plate* are 
(rf the ninal (nbataiioe, but 
Dwinc to Ite tpherieal fonn, 
tbe boiler oflen twioe the 
reaiatanoe to roptnre which 
would lie glTen by a ojlin- 
drical boiler of tbe aame dia- 
meter, aod made of platea <rf 
the same thickneas. Tbe 
■pherical atiape baa alio an- 
other important adTanlage ; 
it allows all the raga to nil 
out by tbemselTea when the 
boiler ia reTolTing with its 
OOTST off. The boiler ia 
mounted on a pair of trun- 
niona, both of whioh are made 
hollow for the pniroae of 
admitting Bb«ni and nnter. The rotary motion is OMnmaniwted to the boiler throDgh a ipar< 

wheel kcred on to one of the tmunioni. Theflangeaof the tranoioc ' .i— •--m »...i 

to tbe latke, ao that « good Joint n»; be made with red-lead aimpl;. 
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minute, with tbe shaft curjing the belt-palleji nmning «t WTanteeD and k half leToiotioiu. 
Altogether the boiler atuide about 1 1 ft. B in. high. Own the floor-line te tbe top of tbe man-hole, 
and m imatioo it la nsuallj mounted m> that it may be Oiled through ao opemug la the floor 
oTeAead. 






cylinder, oommaed of eight metal platea, bolted tether on a wooden foundation ; a Tertioal 
diaphragm B B^laoed lengthwiao, diridea it into two ttonghi, leaTing at the end« a fpaoe a« large 
08 each trough F F, in order that the ragi may oontinuall; circulate from one ohaoDel to another, 
according to the moTement of the liquid obBtmotion. 

In the middle of one of the dinsiona, and perpendicularly with the diaphragm, is adapted on 
cuahions the axis of a cTlindor C, furnished wttli blades, which are arraogea tn pairs and retained 
in their grooTea by wooden wodgee between each ; underoeatli this cjlinder is laia a metal plate e t, 
a kind of frame filled with bladee c, which are bolted together and tightly fixed bj wooden wedges 
— 'n with lead : these blades, thirteen in niuaber, are parallel to each other, ai>d form a tli^ifi 



angle with the blades or the axis of the cylinder ; this lala, more or leaa horifODtally taiaed with 
the aid of a doable adjasting acrew, leaves an intenal whidk !■ gradually diminished as the rag* 
re divided, the distance varying according to the degree of dlTiBieu whioh la to be obtained. The 



cylinder is turned about frtnu W> to 240 times a minute, and thna determines the relooity <^ the 
water, which thence circnlates into tbe engine ; the raga, forced away by this current, pass and. 
repass continnallj between the cylinder and ths plate, where they are divided. The washing is 
also completed in (he engine at the aome time that the tearing and soratohing of the raga is effected. 
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and aa the water muat be iooeaBantly renewed, a oontimial current of limpid water is introduced 
into the engine by a cook L fumiahed with a woollen sack, and pouring upon a sieve. After the 
rags are washed, the water flows away by two wire-gauze frames t^ t, placed before and behind the 
cylinder, into the drains h bordering on an ordinary discharge-tube. When the greatest part of the 
turbid water is thus extracted from the half stufi^ there must be placed before the two frames with 
wire gauze the two plain wooden shutters t, i. Sometimes there is arranged in tlie engines, on the 
second trough, a washing cylinder furnished with a wire gauze H, turning freely with a velocity of 
about twenty revolutions a minute, under the influence of the current which affects, in the other 
trough, the tearing cylinder ; this cylinder, whilst opposing the passage of all fibres, allows the 
liquid to enter its interior. The water which has enterea the washing cylinder is taken again 
by tubes of spiral form bringing back the liquid in the axis and letting it pass out through 
the drain h A* above the engine ; the drain d covered with a lattice retains the sand and other 
heavy bodies. 

A toothed wheel K, or in some cases a pulley, communicates the movement to each cylinder of 
the engines for tearing and refining ; these cylinders have generally forty-six blades jointed in 
pairs, and the refining engines fifty-one blades arranged by threes. 

L. 0. Stuart's ingenious pulper. Figs. 6105 to 6107, consists of a cylinder closed at each end, 
containing a revolving disc of nearly as large diameter as the interior of the cylinder within which 
it Nvolves, and the djsc is of suoh thickness as to leave a small space between each of its two side 
surfaoM and the two end covers of the cylinder. The surfiBkces of the disc and of the interior of the 
cylinder an fenned with srooves, or witn teeth, to aid in the grinding process. The disc receives 
a quick lotary motioD, ana there ia provision miade for the disc to move a small distance to and fro 
within the ^ Under. 

The stuff is fed with WHtar firam an elevated reservoir or ciBtem into the cylinder at one end 
towards the centre, and by reaaon of the source of supply being elevated, there is a proportional 
hydraulic pressure. The pulp flows off tnm the other end of the cylinder through a pipe, which 
can be more or less elevated, oy which the spead of flow through it may be regulated, and the stuff 
kept for a longer or shorter time under the grinding proosas. 

Several serious defects existing in the ordinary stuff enghw are olmaied in this machine, by 
providing for the withdrawal of the fibre &om the action of the grinder the moBMnt it is sufficiently 
reduced, and leaving to be longer acted upon that which requires more grinding, by whloh meaoa 
the whole of the fibre, whether strong or weak, is reduced to pulp of uniform fineness, each part ef 
it being subjected to a degree of grinding pronortioned to its strength ; whilst bv rendering the 
feed iadependent of the motion of the grinder, the eng^e can be run at any speed that its strength 
will sustain, and the work is done mudi more rapidly than in the old engine. By dispensing with 
the annular vat, and feeding the stuff to the engine through a pipe, and discharging the pulp by 
similar means, this engine is rendered very compact, and requires far less space than that occupied 
by the engine heretofore in use. To suit various kinds of stock, the grinder adjusts itself as 
auired; this is accomplished by haviuR a revolving grinder plaoed between two stationary 
fnders, the revolviBg grinder hiaving puiy on its axis to enable it to move f^ly to and fro 
)tween the stationary grinders as requued ; the fibre to be ground being caused to pass- in a 
current through the spaces between one atationaiy grinder and one side of the revolving grinder, 
thence round the periphery of the revolving grinder, and through the space between the opposite 
aide of the revolving grinder and the other stationary grinder to the orifice of discharge. 

As in grinding rags or other fibre to half stuff, or in reducing half stuff to pulp, it is important 
to vary the rate at which the fibrous matter is fed through the grinder, while ilae motion of thn 
sninder remains constant, the feed is rendered adjustable dv varying the level of the nozzle of the 
aisoharge-pipe relative to the le¥«l of the head of water in the feed-pipe ; the effective head of feed 
pressure is thus varied, and as a matter of course the velocity of the mod cuirent is correspondingly 
varied. 

The fineness of the grinding, it will be seen, depends upon the hydraulic pressure on the feed 
and the speed with which the disc of the grinder runs, while the rate of feeding depends upon. the 
hydraulic pressure. In case a knot of fibre should be fed into the grinder, the disc would yield, 
moving towards the side opposite the knot, to allow the Imot to pass freely towards the periphery, 
where it would ouickly be roduced bv the energetic action of tiiat pc^t of the grinder. While this 
reduction of the Knot is going on at the feed side of the grinder, both the feeding and the dischari^ 
are diminished by the forcing of the revolving disc against the discharge orifice. If the fibre is 
easily reduced, it will fiow fraely through the ninder, and oconpy little more space on the feeding 
than on the discharge side of the disc ; out if the fibre is touRh and grinds slowly, it will accumu- 
late on the feed side, and foroe the disc to the discharge side, reUming the discharge, the strong 
fibre being in this way subjected, aa it requires, to more grinding action than the weaker fibre. 

The pump is suppled from a stuff chest through the suction-pipe A, Fig. 6105; it discharges 
into the sliding shoot B in the feed-hopper. This shoot is for regelating or shutting off the supply to 
the beater as required. The feed-pipe conveys the stuff to a point near the centre of the disc, and 
after it is beaten it passes off by the pipe £. The disc has ribs or projections cast into both its 
faces pUoed in the manner shown ; one side works truly agsunst a fixra plate with similar knives 
in it, and the other side against a plate which is fixed to the screwed cylinder D, and is adjusted 
by means of the hand-wheels L, L. 

The beater, as supplied by Fasten and Anderson, of London, requires .only to be bolted firmly 
down to a foundation, as most convenient ; and the pump, with the other adjuncts, has to be fixed 
as shown on the drawing. 

The firvt thing to be done after mounting, or after new disc or plates have been received, ia the 
setting and facing of the working surfaces, which is performed as follows ; — 

Before starting, the tail-screw K must be screwed back, and the four working surfaces set close 
home, one on to another, by the front set L ; the tail-screw K must then be screwed forward unti] 
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beatv itirtad. B; bIovI; setting up the front let Ij, uid thos Borewing the gtatw>ea into oontaet, 
T nnning water thmagh 0>» mftobine all the tine, the beine and mrukoing will be uxton^chad. 
and, in order that the fioLahing aidei may come into oontact for this pnrpoae, the taU-aoreir K mutt 
be gentlj eased. Tb« Bound produced will eoon show lion for the grinding has advanaed, but it 
will be prudent to take out the Buifaces, and judge by actual inspection whether the; ue to a bit 
boring all over. This mr&oing operation will ordinarily occupy lalher len than one hoar. 

The beating engine !■ filled in, the bleach washed out, the sixe and colour added, the roll being 
down in the ordinary manner.' By the time the admixture of the whole is complete, the engine 
may be emptied into the leaervoii cheat below. Three ordinary beating engines, filled and emptied 
alternately, will be kept fatly emplored in thii operation. 

BeSne atarting, tbe raruoee ought to be bet in the aame manner aa in grinding; that ia to ur, 
the taU-«rew K moat be Krewed hack, and tlie four working (nr&oea set home by the fivnt set L, 
tbe tail-wrew ael to the spindle end and looked, exactly aa there deaoribed. After bringing the 
■urfacaioatof omtact by uackine back the front act, the neater may be started; but it is necessary 
to haTB the aliding shoot B in the feed-box so plaoed that the stuff may for some minntea pass 
away to the orerflow without entering the beater. By this time tbe stuff will have become 
,,...., .._....._ _L__. _..,_„_,.. I. -_. _._j.. .1. ..-..■. , . . ^^ 

it L, and legnlaled nntil the requisite sample 5 
' it the diaoWge noulo. 



erer; twelve honts. 

.1 ...-» ^ Q^^ orerflow, aa before men- 
set, washing through with a 



In stopping, tbe sliding shoot must be set to pass away the stuff ' 
tioned, the grinding snrboee relieved by slacking back the front 
stream i^ water at tlie same time. 

The taokle should not be allowed to mn on after becoming thoronghl; dull, as the work pro- 



... . . . ' ^ P"' i"' which will 

oocnpy but a short time, and the dull set prepared for the next change of plates at leisnrs. 

Batlon and Anderson, who make Uii* machine, Lave foond that it prodooea a thoroagblj even 
and oontiDnans sup^jy of pulp. 

B. A. Cowper's new arrangement of pnlper avcnda the peculiar entliug action of Stuart's pulper, 
anting nxne on the principla of opeuing and separating (he fibres, and is therefore preferable where 
it is of importance to retaig the pulp Dbrea of their full length. It is especially suitable for pnlp 



from wood, straw, or esparto. It consists of a closed cylindrical veasel, having at .. . _.. 

by which the flbiinu material to be separated ia introduced witii a r^nlated uoportiM) c^ water, 
and at the other end an ontlet fur tlie water with tlie separated fibre* suspended in it. A ahaft 
'passea through a stnfflng box in tbe centre cf the one end of the vessel, and another sliaft likewise 
passsa through a stuCBug box in the oriitre of tbe other end. On one shaft are fixed a nnmbei of 
rsdial bar^ and on the other shaft is fixed a bame which can revolve outside these radial bars, and 
finm which a number of radial bars project inwards, tbe two seta of radial bars being arranged so aa 
to pass clear of each other. The two shafts revolve io opposite directions, so that their bars, moving 
tlirough tbe liquid in the vessel, prodnoe powerful oppoemg onrrents, whioh, dragging the fibres Id 
diSerait dirwstMm^ asparate them from eaoh other without breaking them. 



I 
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The speed of working may be raoh as to prodooe the powerfnl oonents reqnixed to tettr asimder 
the masses of fibre, the yessel being dosed. The contained liquid while agitated by opposing 
oorrents is not made to rotate bodily, and the operation is rendered 
oontinuoos, the materials to be operated on being introduced in a 
regular stream at the one end of the apparatus, and the liquid with 
the pulp uniformly distributed through it issuing at the other end. 

Fig. 6108 is a longitudinal section of this apparatus. A, A\ 
are two halves of the cylindrical case of the apparatus ; B B is the 
inlet for the fibrous materials to be separated, and for water ; is 
the outlet for the water, with the separated fibres suspended in it 
after haTing been acted on within the cylinder. The radial bars 
D, D, are attached to the frame F fixed to the shaft G, which passes 
through the stuRing box H, and is at its outer end carried in the 
beuring I. The end of the shaft O is provided with a scrow J pass- 
ing through a collar K set with a feather L on the shaft 6, so that 
it must turn therewith, but can slip longitudinally thereon. Nuts 
M on the screw J regelate the position of the shaft O. and the one 
Bet of bars D attached thereto in relation to the other oars E. The 
shaft G is provided with fast and loose pulleys O and N, so that it 
can be driven by a strap P carrying round the radial bars D, D. 
The other radial bars E, E, are attached to the shaft Q, one end of 
which is steadied by the brass bush B in the end of the shaft G. 
The shaft Q passes through the stufiQng box H^ and is supported 
at its outer end by the bearing I*, and is provided with means of 
longitudinal adjustment, as described, for the shaft G. The shaft Q 
is luso provided with fast and loose pulleys N^, O^, by which it is 
driven oy a strap P^ in the opposite direction to the shafl G. 

In order to take up any shake which may occur owing to the 
wear of the brasses 8, S\ screws T, T\ are provided, tapped into 
the bottom brasses S*, S*, and having their ends resting in holes in 
the casing of the gland, so that by turning the screws T, T\ the 
bottom brasses S* can be raised. 

The end of the frame F is bushed with braases U, XT', to turn 
on the shaft Q. The two half-brasses U, IP, which embrace the 
bhaft Q can be drawn close together bv screws Y, Y^ ; the bolts 
W, WS which pass through slotted holes, being temporarily un< 
screwed to allow of this adjustment. 

The appanttus is stopped or started by shifting the bands P, P>, 
to the loode or fast pulleys. For this purpose A is a Jtiand-lever 
turning on the fulcrum X\ and connected at its lower end to a 
sliding bar Y, which carries two pins Y^ for shifting Uie strop P* ; 
Z is a similar bar carrying two pins Z* for shifting tho strap P ; 
a is a lever pivoted at a* in its middle, one end of which works in 
a slot in the sliding bar Y, and the other end in the sliding bar Z. 
Thus by moving the hand-lever X the straps P and P* are shifted 
together. 

According to the fineness or coarseness of the material to be 
acted on, the radial bars should be placed dose together or farther 
apart to attain the desired action. 

If it is desired to uso this machine as a mixer or conditioner 
for different kinds of pulp, it is only necessary to feed the requisite 
proportions of pulp into the feeding inlet, and after passing through 
the machine they will be found to be thoroughly mixed and in good 
condition for the paper machine. 

Paper-making Machine, — Fig. 6109 is a longitudinal section of a 
paper-making machine, as made by G. Tidcombe and Son, of Wat- 
foni. Such a machine is capable oi producing 5 tons of printing 
paper in twenty-four hoars, bu£ the amount of work performed 
varies according to the quality of paper required and the nature of 
pulp employed. Pulp bsing made of the required consistency, is 
stored in a reservoir conveniently placed near the strainers A, A. 
It is there mixed with a sufficient quantity of water to hold the 
pulp fibres in suspension, and cause it to flow &eoly into Uie knot- 
ters or strainers A, A. The pulp passes through the sieves, leaving 
behind it all knots and impurities. In old-fashioned maci lines 
the pulp merely passed along over the knotters, and was shaken 
through, leaving the knots on the surface, and the sHts or spaces 
soon became choked. In order to clear them they were scraped, 
and much of the refuse was thus foroed through Uie machine into 
the clear pulp beneath, and passed alon^ with it to the paper- 
making machine. This operation had to be performed every two 
or three hours ; thus much dirty and inferior paper was produced, 
and no regularity in quality could be obtained. 

W.' Ibotson, an English paper-maker, invented the strainer, now in universal use ; this 
machine, shown at Fig. 6110, avoids all waste of pulp and irregularity in the quality of the paper 
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whikt the oleaa ttatt nmi direotl; thnmgh the allta, Mid thenoe to ttte lip of the psper-nutldng 
muhineB. 

The^nffU tbenoe led over tlie travelllog web of wire dotb CC 0, Tig. 6109. Thia endless web 
nma over the imaU rolleraorlAble D D D, sad the Taonnm-boi B ; thiahuatoporgiitta-peralmoi 
Tnlcanile, or auoh material an will not wear the wire oloth, and which can be pieroed with Buitablo 



throaehi 
« whidi d 



□ be drawn. This box is in commnnicatian with a 



eztraeting water &om the BtntT, eiorptiDg that which rune from it between the roUete D, D, D. 
The pulp or flbree are tlierebj felted together and form paper in a wet state. 

During the passage of the stuff farther on, it will be ooserred that it passes between the rollers 
F, F. These rollers press it while on the wire, and this pressure is a farther prooess of drying the 
wet paper b; sqneeiiDg more wst«i out of it It reoeiTes another pressure in the wine mannei at 
O, G. and here the Fourdrinler paper-making madiine reallj terminates. 

The paper baa next to be dned, eod the speed and accurate timing of this portian of the 
apparatus regolatea the quantitT and quality of the paper produced ; if the cylinders are driven 
too auioklj, the fibres will not be well felted together, the paper will be too wet, and all the care 
employed in the previous operations will be tbrawn awny. 

A web of papet aontnets in drying, and the amount of contraction must be allowed for in the 
proper graduation of the diameter* of the drying cylinders, particularly if the stuff is oompoaed of 
■ome ofthe new materiala, such as straw, esparto, or wood. Bag-paper is not so variable as paper 
made from these new materials, becaose it has more elasticity. 

The paper is conducted iDUnd the iron cylindars M, H, hytraTclling webs of felt, which sustain 
it and cause it to hng them so as to give an ironing effect — simitar to a woman ironing linen — 
during the process of drying. Theoe cylinders are about 4 ft. in diameter, and are heated by steam- 
pipes at their oenbca, which pipea are stationary, and the oylindera revolve round them. The 
pressure of steam is graduated Dy snit»ble feed-valvea, giving generally most heat to the last 
cylinder I. 

Irying the p*per that is to be made for priating jmri 

ders or srlamnB' roUs J. J. to be rlazed. and mat .v— .j .^. ...» 

.. _ ^^ ^. ._ .0 be used for writing purpoeBe, it i« 

Deoeaaaiy to pass it thrtKigh a bath of animal aize or glue immediately after it leaves the drying- 
machine OTlindera. This animal siie gives it a parchment character. After passing throngh su^ 
abath, it has to be dried gradually by hot air and fans instead of passing over hot-iron cyliolen, so 
M to prevent oorliag or wrinkling, wbioh such paper is liable to if dried too qniokly. 

Fig. 6111 is an enlarged view of the press mils seen at O, O, Fig. 6109. 

Fig. 6112 is a seetional view of the anaogement of tbe drying and cooling cylinders adopted 
by Q. Tidoombe and Bon. Bj tbe wrangeDient of graduated and properly-fitted cylinders for taeae 
operations, much waste, in (he form of broken webs of p«per, is avoided. 

When more cylinder* are used, some of them fitted with movable doctors, there is a gre*t dimi- 
nution in the deetmotion of felts. More drying surface also enables more paper to be made with 
the same amount of skilled labour, and the machine-men work betti^r with the increased fadlities. 

Tbe cylinders are restated to nrecision, whether fltteil with ciroular ftamee or otherwise, and 
the ijttem of steam (eedisg is equal and outain. The sooupa for emptying the cylinders fann part 
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of the oylin^ers themselves, so that they cannot get loose, and oause danger and annoyance, and 
their fittings have ample room to disoharge the condensed steam. 

Choling Cylinders atid Electrical Dischargers are made of thin 
metal, and are charged with cold water, a current of which is 
always running through them. One cylinder is generally 
enough for a paper machine. It has much efiect in cooling 
the paper, and freeing it from electricity. The paper also at 
once receives its normal state of atmospheric moisture. The 
cylinder is placed after the last set of dryers, and is about 3 ft. 
in diameter. The temperature can be regulated to tiie decree 
required, thereby also regulating the moisture on its surface, 
and still retaining its quality as an electrical conductor. 

Fig. 6118 is an elevation of Tidcombe's paper-machine 
glazing rolls. The glazing rolls are cast of the best iron, and 
are then turned and ground together perfectly. Several rolls 
are cast at one melting, and after turning they are selected to 
match eadi other. The steam pipes ana glands are of brass, 
of ample strength. 

Press Halls, Breast and Couch Soils, are made of sound brass, 
entirely superseding soft copper rolls and uneven joints. 




6112 




Iron Felt Bolls. — ^These should be made as light as possible, and properly fixed in their spindles 
to keep them from getting loose. 

Ouide Rolls, for guiding the wire, or for reeling the paper solidly and' truly on the reels, should 
be pronerly proportioned and evenly made of brass, having adjusting carriages and screws. 

Tiaoombes nave introduced several improvements in their press rolls and accessories. They 
cover the press rolls with brass, and the upper ones have movable doctors, as shown on the section, 
l?ig. 6111. 

Fig. 6114 is of a reversible rolling and glazing machine, aUo by G. Tidcombe and Son. In this 
efficient machine much time \b saved by the use of reversing gear ; and as the latter is placed at an 
anele, the pack of paper is more easily fed into the rolls than in ordinary machines. The levers 
and weights are self-adjusting, and when extra pressure is required the machine can be fitted with 
another pair of compound levers having their weights near the ground. 

Paper-cutting Mnchine. — Paper can be cut very economically and in a regular shape during its 
making, in several widths ; it is sufficient to interpose between two of the drying: cylinders, as in 
FiiTS. 6115, 6116, three, four, or five pairs of mechanical scissors, formed of double disc^, a/, bg, 
and so <m, sliarpened with ciroular barrels, and rubbing on their flat sides. Each pair of discs 
effects a zeetilinear section as the sheet of paper passes TOtween them. A, B, G, D, Fig. 6115, are 
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V\g. 6117 ti an eUvstton of Tidoombo's dEttaobed paper«iittiiig machine. Ita norel taitnn ia 
the drtTing; apparstna, consUUng oT abort oane-drnma, bv vbioh tho leD|;tIis oF the iheeta of paper 
are ref^Dlalcd. Bj taming a bond-wheel one of the driTins pullcja ii expanded and the other 
contracted at the ^ame time, thos gitloK double Ibe range oi apeeds to the paper than by merelj 
altering the diameter of one palleir, Theae alterations are made b; the uulttKl movement of a 
right-hand thread do the ahan of one pulley, and a left on the olber, in connection with cones that 
moTB into and expand tbe aegmenta of one and retire from and contiaot those of the other. By 
thus altering tbe diameter of each aimnltaneoualy, a saving of time as well aa paper la effected, aod 
■ leaa namber of the OTdinary cbange-wheelB la required. Tbey are driven b; an etKUm M(, irhioh 
works evenly. 

Ibottm't Stlf-tharvtg Strah*r$^~Jfig. 6110 showa two Ibotson'* ■trainers, niitabla Iw a TZ-in. paper 
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machine. They are fittoil vrith Tidoombe's hard-rolled toughened plates. The pnlp enters at the 
inlets, one being shown on each side in this double arrangement. The pulp takes the direction 
indicated by the arrows, the finer fNortions, filtering through the strainers, proceed at once to the 
lip— to the wire of the paper machine; the knots, lumps, or impurities, are carried along by the 
onrrent over one set of strainers, through the opening in the partition, and back along the other set 
of strainers, and pass down a pipe leading to the outlet-trougu, and thence to the auxiliary strainer, 
placed at the back of the macnine. The necessary motion or jog is given to the strainers by the 
ratchet-wheels keyed on the shaft under the machine. 

It will be seen that with this machine there can be little actual loss of pulp, as the back-water 
from the wire, mixing with the knots and impurities in the outlet- trough, fiows back to the auxiliary 
strainer, which separates all the remaining useful pulp, rejecting only the actual refuse. 

The strainers can be easily removed to be cleansed, and as the plates are perforated with slits 
of different sizes, the machine can be made to act perfectly well with pulp or various kinds and 
qualities by changing the strainer. 

Fig. 6118 is a section of one of Tidoombe's hard-rolled toughened strainer-plates. The angles 
of the grooves and depth of 

the slits have to be regulated ens. 

with great nicety for various 
descriptions of pulp. 

The increasing demand 
for paper, and the impossi- 
bility of obtaining sufficient 
rags, having drawn attention to the possibility of producing good serviceable paper ftiom other 
materials, lus therebv opened up a nearly new industry, to wnich every day some improvement or 
addition is being made. 

Hitherto straw, esparto, and wood have been the chief raw materials employed, but doubtless 
other articles in the vegetable kingdom will ere long come into use for the manufacture of paper 
pulp. Naturally the demand for paper is greatest in those countries which are the most densely 
populated, where labour is expensive, and where wood, straw, or esparto are comparatively scarce. 

Esparto, which is grown principally in the south of Spain and north of Africa, is every year 
getting more and more scarce. Norway and Sweden produce wood in abundance, and labour is 
also cheap there; the demand for paper for home consumption is limited; but mills have been 
lately erected in those countries, and large quantities of pulp are made for exportation from wood, 
both by Voelter's grinding process and by the boiling process with c^emioats. 

The greater part of the pulp thus made is exported as half stuff, that is to say, after it has been 
through the washing engine it is dried by centrifugal machines or presses, in separate layers or 
cakes, which are tied in bundles and packed for shipment. 

On arriving at the paper factory these cakes are broken up, mixed with water, and thoroughly 
pulped in the beating engine, after which the pulp is passed over a strainer, and is-ready for the 
usual papeivmaking machine, or it mi^ be mixed with certain proportions of other and finer pulp. 

Straw pulp is seldom used by itself as it produces a very short, crisp, and brittle paper ; but with 
the admixture of some rag pulp it is much used for the manufacture of printing paper. Nearly all 
the straw pulp used in England is of home make. The machinery employed requires no special 
notice, as the straw after being cut up is treated in a similar manner to rags, the only important 
variation bein^ in the strength and quantity of the chemicals required for the boiling proceas. 

In connection with the boiling of pulp at high pressure, the improvements recently invented by 
Edward A. Gowper must be mentioned, as tlieir tendency to save time and fuel is indubitable. 
By his arrangement of feeding the pulp-boilers through intermediate boxes containing charges of 
hot-soaked wood, Gowper avoids tne cooling down of the boiler, hitherto necessary after each 
boiling, whilst by the arrangement of the furnace he protects the boiler horn the damaging 
effects of a fierce fire directly impinging upon a comparatively weak surface as hitherto practised. 

Fig. 6119 shows a vertical section of a pulp-boiler and setting. 

The pulp-boiler G is set upright in brickwork D D with flues E, E, around it, so that the 
heat derived from a furnace F placed at a distance firom the boiler may pass around the boiler till 
it enters the chimney E*. There is but a very small portion of the brick-setting in contact with 
the boiler, so that there is no danger of the orickwork, if hot, burning the boiler if empty. The 
flue G Q G, immediately on leaving the fire F is greatly enlarged, so that by the time the heat 
fX>mes in contact with the boiler, the area it acts upon is many times the area of the fuel at the 
fire, so that the boiler is only subjected to a mild heat, such as it can well sustain without injury. 

The time of filling and emptying a pulp-boiler generally occupies a considerable portion of the 
total time of working a charge, and the heating up of the contents of the boiler to the boiling point 
also occupies considerable time, and if the matenal is a compact material like wood, and has not 
been thoroughly soaked with caustic alkali before it is put into the boiler, much time is lost, as it 
takes several hours for the whole to become perfectly saturated, and this evil is exaggerated by any 
variation in the compactness of the materiad being acted on. In order therefore to fill and empty 
a boiler quickly, to charge it with materials as hot as possible, to ensure their being acted on 
eqpalhr, and to reduce the time that the materials must remain in the boiler to be thoroughly 
cooked, a number of perforated boxes K, K, are placed in such a manner that they may be guided 
down into the boiler into their proper positions wlien lowered down by a crane, and remain truly in 
position in the centre of the boU'er, there being guides L, L, fixed inside the boiler for the purpose ; 
the crane-chain N is provided with a spring catch to which a light chain or cord is attached, so that 
when a box has been lowered down, the catch, which takes hold of a cross-bar fijced in a central 
tube in the box, may be released conveniently, although at the time it may be quite impossible for 
the workmen to see at all inside the boiler in consequence of the steam. 

Previous to pkcing the boxes K into the pulp-boiler, they are filled with the material to bo 
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direct to the pulp-boiler thoroDRhljr hot, and read; for reoeiTing; the »tlll higher temperetnTG that 
tbe; ue nibjeoted to wben the boiler is dosed snd the oorer soiewed dovn tight, tnd heat fa 
... ■ - ....—1.. .-.. -■ -.,.., . — - It ley, and the 



that tlie omstio alkali ma; act od the material at the high temperature without dilution. The 
Talvea of the boiea are afterwudi opened so as toallovthellqaoriD the boiler to oiroulate throu^i 
the material in the boies. The cover S of the boUer is secured hy a nmnber of icrew-olBinpa T, T, 
to grip the top ring of the boiler and aorew doiin on to the oorei 8, the lower endi of snoh olamM 
being retained in a reoess to keep them in position, but allow them to fall back when nQHrew«a, 
u shown b; dotted lini "" 

Tiie dionlation of t 
>pen at top and bottom, 

boxes, in ooimeolian with a space at top and bottom of the boiler, so that there is a 
liquor down the centre of the baiter to become heated, whilet the liquor in the space all round the 
inside of the Iwiler, on becoming heated, will rise upwards and flow over the lop of the ton box, and 
down the oential opening, thus caosiaK a constant agitation, and the liquor is oontiuuBlIr carried 
from the bottom upwaids between the boxea and the boiler, and prevents its being burnt, and the 
heat la more qnickl; taken np by tlie fluid and distributed more uniformly through the boiler, 

F, B. Hoaghtorii Proxii.— This invention has greatly fai'ilitated the mannfacture of paper palp 
From straw, wood, and otlier vegetable nilMtancea,l)y Uie use of steam at a higher pressure uan had 
hitherto been Wployed. 

An alkaline solution Ii ued of a strength equal to &om 61° to 7° or more of Beanm^ and 
heated in a tnitable boiler to inch a temperatore as to prodnce a preasnre of ttaja ISO Iba to 
190 lb«. on the square inch ; leas heat and pressnre may be resorted to, when nalng the strength 
of alkaline solntion above mentioned, bat the same most be continued daring a greater length 
of time. The strength of the alkaline solution may also be rednced to some extent, say to i" 
Beaoind, provided the heatandpresaure is greater, or continued for a greater length of time than is 
required when nsing a solution of 7° Benumb. In conttmcting snitatile boilers for tbeae purposes^ 
HoogbtoD heat* the oontents by means of tubes in whioh hot water is cireiilated, according to tho 
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syatem invented by A. M. Perkins, as by rach means the process may be carried on more safely 
and advantageously. 

A strong cylindrical boiler is therefore used with hemispherical ends, the upper end being 
formed in such manner as to act as a movable cover, on which is a safety-valve ; at the lower end of 
the boiler coils of wrougbt-iron tubes are introduced, suitably arranged to have highly-heated 
water circulated therein, by which the interior oontents of the boiler can be more conveniently 
heated up to and retained at the high degree of temperature requisite than by any other system 
of heating. The matters to be treated are introduced into the interior of the boiler by means of a 
cylindric^ basket or open metallic frame surrounded on all sides with strong wire gauze. The 
materials are packed into the basket in a succession of layers, supported on a series of movable 
partitions or curcular frames of wire gauze, which are retained in position within the c;|rlinder by 
pins or bolts passed through the uprights of the frame of the cylinder, and the same is lowered 
into the boiler, the upper end of which is then closed. The boiler is filled with the alkaline 
solution from a suitable cistern, and such solution may be introduced in a heated or cold state. 
The highly-heated water caused to circulate in the coils of tubes within the boiler will quickly 
raise the temperature of the contents of the boiler. A temperature varying from 376° to 
880^ of Fahrenheit, equal to about 175 to 185 lbs. on the square mch, and continued from ten to 
thirty minutes, according to the nature of the vegetable fibrous mattera for the time being under 
process, are the best for general purposes. The time of the process varies according to the nature 
of the vegetable fibrous mattera, and no more precise or exact rule can be ^ven; but a workman 
will quickly become acquainted with the proper time for a particular description of vegetable fibrous 
matter ; and it will only under any case oe necessary from time to time to allow the apparatus and 
its contents to cool down, and to remove the cover, in order to ascertain whether the desired result 
has been obtained ; but this will seldom be necessary after some practice, and principally when for 
the first time acting on some vegetable fibrous substance not previously treated. 

An apparatus, the invention of M. H. Voelter, has come mto use for the manufacture of pulp 
from wooa. The principle involved is the grinding of pieces of wood into a pulpy condition, by 
forcing them against revolving grindstones ; and although the pulp thus obtained is of less com- 
mercial value than that prepared by the chemical process^ the machinery has been largely adopted 
for the manufacture of stock for such papera as do not require a very fibrous substance. 

Fig. 6120 is a sectional elevation of Yoeltei's apparatus. The grinding surfaces consist of 
natural or artificial stone, and may be set horizontally or vertically, and the pulp may be intro- 
duced at either side, as desired, onlv in order to g^ind wood the stones must be well cut, and so set 
as scarcely to touch each other, so that the fibres may not be reduced to powder. In order that the 
coarse fibres contained in the pulp should not prove injurious to it, it is conducted to the sorting 
apparatus. 

Under the rotary pulper or stone S is a vat E, in which the mixture of fibres of wood and waste 
are collected ; an iron roKe B in this vat seizes the splintera and larger refuse pieces, in order that 
these latter may not be driven against the frame £, which is mounted at the opposite side, and is 
provided with a fine sieve, which the splintera might damage. The useful fibres are washed from 
the rake by means of water supplied from a pipe G. 

To efiect the immediate assorting of the fine fibres, the curved incline D and sieve-frame E are 
adapted to the apparatus. Upon this sieve-frame E is stretched brass-wire gauze of the required 
degree of fineness. The rotary motion of the stone throws the mass of fibres contained in the vat K 
over the inclined plane D against the sieve-frame. The large fibres which cannot pass through 
run down into the refining apparatus, whilst the fine fibres, which have passed through the sieve^ 
run direct into the pulpy mass coming from the refining apparatus in order to be there diluted. 

In Voelter's first arrangement the space in which the pieces of wood to be ground into fibre are 
deposited was formed of plates of iron raised against the middle of the stone, so that the space 
became narrower towards the bottom, which frequently caused the blocking of the feed aperture by 
the pieces of wood, and impeded the feeding operation. This defect is remedied by substituting for 
the transverse plates wedge-shaped plates Q, so that the two aides of the space are parallel to each 
other. 

By forming the wooden pressera P as inclined planes, which rise from the middle to the front, 
the formation of wedges bv the wood being ground is prevented. Above the wooden pressera are 
india-rubber bufien or sted springs, enclosed within iron sockets, the pressure of which corresponds 
to the normal pressure; and when this is exceeded, the rubber bunera give in a corresponding 
degree, so tiiat neither the stone nor the machine is exposed to injury from any shocks or sudden 
strain. The iron socket H, which encloses the bu£fers, and which is screwed upon the pressing 
wood P, is provided with a cover, maintained in place by means of screws, these latter serving 
at the same time to ragulate the pressure of tne buffers. On. a greater resistance taking 
place from below, it vrill act first against the pressing wood ; this transmits the pressure to the 
Duffera, which are thus more forcibly compressed, so that the socket will project above the cover, 
whilst the screwed rod d does not alter its position or action ; there is therefore in the pressing 
wood a corresponding portion cut away for this latter. 

To maintain a regular .working of the grinding apparatus and to feed it convenieotly, according 
to the surface of the wood to be operated upon, or according to the motive power, in order to be able 
to increase or decrease the speed with whicn the pressera move against the stone, a regulating appa- 
ratus is applied to the back of the machine, consisting of two cones d and (/*, and a guide-rod s, 
with a fork / and roller p. The cone d receives its movement directly from the main driving shaft, 
and communicates it to the cone d*, the shaft of which actuates the different driving pulleys of the 
shafts by a band passing over and under them. According to whether the attendant turns the 
hand-wheel h from left to right, or vice versd^ the feed becomes weaker or stronger. 

After leaving the pulping apparatus, the half stuff is carried through an assorting arrangement, 
consisting of vats provided with sieves, to which' an oscillating motion is communicated by cams. 
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The pulp is then raised by an elevator, and pones between a pair of horizontal grindstones, which 
remove any remaining inequalities. 
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Smdaif^s Evaporator, — ^By distilling and evaporating the spent ley resnltmg fnnn the prepa- 
ration of wood or other fibrous substanoee employed in the manufacture of paper stock, the oils, 
turpentine, soda-ash, or other substances contained in the ley, are recovered for useful purposes. 

After the wood or other fibrous substance has been treated by boiling it in the ley. the hot ley 
and steam are blown into a vessel placed in a tank, having a'water-tight division or partition con- 
nected both to the central part of the tank and the central part of the vessel. This tank is filled 
up with liquor, which may consist of new ley in one compartment of the tank, and water in tho 
other compartment, so that the vessel contained in the tank is thus immersed in the liquor, and 
receives heat from the hot ley and steam blown into the vessel from the boiler. In this manner 
hot water is obtained for wasning the pulp in the boiler, and hot liquor is provided for the next 
charge of the boiler, thereby saving time and fueL The spent ley, after having thus parted with 
its heat, is discharged from the vessel into a distilling appamtus, when the oils and turpentine are 
taken off; or the spent ley may be taken direct from the vessel to the evaporator, which consists 
of a shaft or tower containing one or more winding fines. At the lower part of the shaft or tower 
two hearths or roasters are situated, having a division wall between them. One end of each hearth 
is connected to a furnace. Between the furnaces and hearths are two chambers ; that nearest the 
furnace being a mixing chamber or smoke-burning chamber, whilst the other is a ohiimber tor 
receiving the fiame from the ftimace and distributing it to the hearths or roasters. Hc^lows are 
Ibrmed in the wall between the chambers, and in those constituting the upper parts of the chamber 
through which the air fbr maintaining the combustion is supplied, and thereby becomes heated. 
When using the evaporator the furnaces should be fired alternately, so that when smoke ia issuing 
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from one fnmace a bright bo( flftine i«*ties from the otiier fnniBoe. and both enter the nnoka- 
eoDBumiDg chamber, wbea tbe; mil with tha required qusntit* of bot air for Ibeii combuMioa. At 
tbe top of the tower a lack ii Bitiuled for holding tbe ipent ley irbt<^h is to be evaporated, «ith k 
chimney paaamg uf> througb it or near la it, containing a strain iet for the purpooe of prodacing an 
upward current aud a partial vacuum in tbe winding nues of tbe evaporator, tbos aiding the evapo- 
ration and causing tlie products of combuBtioQ, steam, and fumea to paw over the loaating ash and 
boiling ley in the hearth and floi^B up through tbe chimney and into tbe atmoephere. When tbe 
apent ley la ready for evaporatioo, it is di^barged from tbe tank into tbe winding or apiral Buea, 
t travele until it reachea the bottom, where it enters tbe roealer or bearth, and it U 
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veaael A, of a cylindircal form, situated In an oblong tank B, divided into two oompartments by 
a water-tight partilios G, connected to tbe central parts of tbe tank B and of Ihe veaael j^ 
as shown. Both diviBtong of the tank B are filled with lionid, water being introduoed into tbo 
compartment a, and new ley into 

the compartment i, so that the *'**' 

veeael A is entirely aubmerged in 
liquid. The veBsel A commonicates 
by a pipe D with the boiler in which 
the wood or other Bubstanoe em- 
ployed in tbe manufacture of paper 
■locic iB treated. After the flbrous 
■nbstance baa been treated in the 
boiler, the hot le; in which it liaa 
been boiled and tbe steam are blown 
fhrongh the pipe D, into the vessel 
A, where the heat given oCT in oool- 
ing one char^ of the spent ley is 
otilized in beating tbe fresh or new 
ley contained in the chamber b of 
the tank B, previous to another 
charge of the said new or &-esh ley 
being rondncted throngh the pipe B 
jnt th boiler, where it, together 
w tb th wood or otber flbroua sub- 
sta ces boiled. Id this manner 
h t 1 y I provided for each new 
h g f tbe boiler, thereby saving 
1 m d fuel. Pietioua to intro- 
du g a fresh charge of ley into 
th bo 1 or to removing the wood 

or other pulp left therein after the — 

spout ley boa been dmivn off into 
tno vessel A, a stream of water rmiii 
the cbnmbcr •• of the lank B, wbii-li 
lias also become heated by the cool- 
ing of the spent ley in the vessel A, 
li conducted through the pipe P 
into tbe boiler, in order tbat the 

pulp contained therein may bo thoroughly washed before it is removed from the boiler, and also 
that the boiler itself mn; be washed out before the freah charge of ley and of wood, or other fibroni 
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8iib6tance, is introdnoed. After suoh wa8hm<; of the pulp and of the boiler is effected, the water 
is run off through a cock in the bottom of the boiler, and the pulp may then bo removed. The 
spent ley, after having parted with its 

heat to the new luy contained in the eias. 

chamber 6, and to the water contained 
. in the chamber a of the tank B, is dis- 
charged through the pipe G iuto a 
distilling apparatus, which may be of 
any ordinary type of still, wherein the 
ley is kept at a temperature sufficient 
to drive off from it the volatile matters, 
such as oils and turpentine, contained 
therein. 

Instead, however, of first distilling . 
the spent lev, it may be oonductea 
direct from the vessel A to the evapo- 
rating apparatus ; tower or shaft may 
be of a square form, oval, or circular. 

Fig. 6122 is a vertical section of a 
circular evaporator ; Fig. 6123 is a part 
plan and pert horizontal section of the 
same on the line x x. The flues through 
which the spent ley travels on its course 
to the hearths or roasters B are ar- 
ranged spirally in the interior of the 
tower A, as shown by the dotted lines ; 
the flue which commences at a winds round to 6, thence to c, d', e, /, g, and terminates at A, where 
it discharges on to the hearth or roaster B, and the flue commencing at the upper end of the 
tower A in the position marked t^ winds round by j, ^, /, m, n, o, and p^ arid discharges the ley 
on to the other hearth or roaster B, from whence the ash, after having been sufficiently dried 
and roasted, is removed through side doors. When the spent ley is ready for evaporation, 
it is conducted to the tank on the upper end of the tower A, whence it is discharged into the 
winding flues, down which it travels until It reaches the bottom of the tower A, where it it 
discliarged into the roasters or heurths B, B, and is then stirred up as required, by an attendans 
r inserting an agitating instrument through tlie side openings, and roasted by the heat from the 
furnaces until the ash is ready to be witiidrawn. The ley as it passes down through the flues is 
partially evaporated by the heat and waste products of combustion passing over it up through the 
flues on their course to the chimney. Sometimes a jet of high-pressure steam is introduc^ into 
the chimney at the lower end, which, blowing upwards, causes a partial vacuum in the flues, 
facilitates the draught of the furnaces and the evaporation of the ley, and also aids in drawing off 
the products of combustion, steam, and fumes of the roasting ash and boiling ley in tiie hearths 
and flues, to the chimney. The flues of the tower or shaft A are provided at each turn with traps 
or doors, that they may be easily cleaned out as required. 

PARALLEL MOTION. Vu.y ParalMogramme de Watt; Ger., Watfschg Parallelognmm ; 
Ital., ParcdeUogrammo ; Bfah., Movimiento paraieh. 

See DiSTAiLs of Enoixes. 

PAWL. Fb., D^dic; Geb., Sperrhdhen; Ital. Nottolmo; Span., LingUete, 

A pawl or paul is a short movable piece or bar connected at one end by a joint with some part 
of i^machine, while the other end falls into notches or teeth on another part in such a manner as to 
permit motion in one direction and prevent it in the other, as in a capstan or windlass. 

PENDULUM. Fb., PendaU; Gkb., Pendel; Ital., Pendolo; Span., P^ndulo. 

See GuNNEBT. 

PERMANENT WAY. Fb., Voie permanerUe : Geb., Bestandige Befestigung; Ital., Binario 
permanente; Span., Via. 

The permanent wav of a railway may be described as that portion of the line which is last con- 
structed, which directly supports the whole weight of the rolling stock, and is, in consequence, 
subjected to the greatest amount of tear and wear. The term permanent is used to distinguish it 
from the temporary way or road, which the contractor usually lays down for his own use, during 
the construction of a line of railway. In the laying down of this temporary road, he must find his 
own rails, sleepers and fastenings, as he is not permitted to use those belonging to the company, 
which are intended to carry the traffic of the completed line. When his own road has answered 
its purpose, he proceeds to remove it, and lay down that of the company, and hence the application 
of tne term permanent way in contradistinction to that of temporary. 

The permanent way consists of rails, sleepers, chuirs, transoms, ties, bolts, spikes, and such 
other minor accessories as may be necessary to connect the several component parts, and ensure 
the stability and rigidity of the whole road. 

Generally speaking, all descriptions of permanent way may be classed under one of two heads. 
Those in which the railn are supporto<i by sleepers continuous throughout tlieir entire length, 
and thot« in which the sleepers are placed at intervals along the same lengtli. Briefly, these 
may be termed the loni^itudinal nnd the transverse permanent way. In some iHolaicd instances 
sleepers have been dispensed with, and the rails Inid uiion the naked ballast, but this mt thod, 
which will be notic^^d in its proper place, has had a very limited application in practice. Under 
the second general classification of permanent ways, are included all those in which, although the 
sleepers cannot be correctly called transverse sleipers, yet tiiey certainly do not come utider the 
category of longitudinal ones. Of this type are the many varictio:« in which the rails rest upon 
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iroB Bleepere, which do not extend acrbas the road or track, bnt, while spaced at regnlar intervals, 
each CDC is connected with its opposite fellow by a transom or tie-rod. To this description belong 
the different iron roads, as well as some of a very primitive clads, in which the sleepers consisted 
simply of large roughly-squared blocks of siooe. 

Before proceeding to describe the principal systems of pennanent way adopted on our leading 
railways, as well as oa those on the Continent, and elsewhere abroad, it will be advisable to direct 
attention to the essential component parts of the road, and the particular functions which they 
have to perform. Evidently while we have classified all the various descriptions of roads under 
two general beads, there are numerous subdivisions so far as the component parts are concerned. 
Some roads dispense with chairs, others with sleepers, and the modifications which the joints and 
fastenings fmdergo. are well-nigh infinite. 

The permanent way is always laid in good ballast whenever it can be procured, and when it is 
not to be obtained, the best substitute is employed that is available. For further information on 
the subject of ballast, and the laying of the permanent way. the reader is referred to *• Ballast ' and 
* Railway Engineering * In addition to the actual component parts of the permanent way, there 
are several details which inseparably belong to it, which will be described in the present article. 
Of this character are points, crossings, junctions, and switches On many of our main lines, the 
points are connected with the signals in such a manner that they cannot act independently of 
one another. These will be found more particulaiiy mentioned under the bead of * Signals.* 
Under its own title, will also be found * Turn-tables/ which, if not strictly belonging to the pre- 
sent subject, is very closely connected with it It will be seen as we proceed, that with the 
exception of the total abandonment of the stone sleeper or block, very little radical change has 
been effected, although numerous modifications have been introduced in the permanent ways of 
railroads Thus, iron sleepers are employed in countries in which the ravages of the white ant 
preclude the use of the ordinary timber, which is there procurable, whether chemically preserved or 
otherwise. Rails are every year.beooming heavier and heavier, and steel is on several important 
lines fust superseding its predecessor, rolled iron, in order to afford a sufficient degree of resistanoe 
and durability, to the ever-increasing requirements of the massive locomotives which are now 
built. 

There are several qualifications indispensable to every system of permanent way. Each system 
must be fixed so securely that the gauge cannot alter. It must maintain a horizontal position in the ' 
plane of its cross-section, except in the case of curves. There must be no unevenness in a longitudinal 
direction, or the progress of the train would be attended by a constant succession of jumps and 
blows, which would seriously augment the friction and prove very detrimental to the axles and 
springs. The friction between the wheels and the rails should not be more than what is suffi- 
cient to afibrd the necessary amount of tractive adhesion. So far as the rails are concerned, they 
must be strong enough between the bearings, or points of support, to carry the heaviest load 
which can come upon them, without undergoing any deflection of importance. In every per- 
manent wav, there must be a certain amount of elasticity, so as to absorb or render inoperative 
the impact between the wheels and the rails. Without this essential feature, the rolling stock soon 
gets knocked to pieces. The road, considered as a whole, must be so constructed as to admit of 
being easily repaired at any part, readily packed, removed, replaced, and well drained. Every 
system or description of permanent way, and their number is infinite, fulfils several of these con- 
ditions more or less perfectly, although it would be perhaps too much to assert that any one 
fulfils them all thoroughly. Besides, some systems aro not so well adapted to certain circum- 
stances as others. For example, in countries in which the white ant is found, it is preferable to 
use iron instead of timber sleepers, owing to the ravages committed by tiioee insects on wood of 
every kind. It is, however, stated as a fact, that white ants rarely attach timber sleepers, over 
which trains are constantly running. It appears that the vibration destroys tliem, before they can 
effectually establish themselves in the wood. 

While numerous minor modifications have been introduced from time to time in the permanent 
way of railways, without much apparent reason, it will be found that those which are deserving 
of attention, have been the result of considerable experience and knowledge of the especial cha- 
racteristics which constitute a really good, sound, and serviceable road. A little consicieration of 
the nature of the original type of permanent wav, and of the reason for its being abandoned, will 
enable the reader to form an accurate idea of the chief points 
which must be attended to, in order that a permanent way may 
adequately fulfil the duty demanded of it. This primitive type, 
sliown in cross-section in Fig. 6124, consisted of stone blocks 
about 2 ft. X 2 ft. x 1 ft. in depth. The rails were laid in cast- 
iron chairs. The description of stone used depended upon the 
locality. The blocks were laid sometimes square to the road, 
with spaces intervening, and at others, diagonally, with the 
corners almost in contact. They were in most instances bedded 
in ballast, but frequently rested on the formation level without 
either ballasting or boxing. 

In this original system of pennanent way, the ruling principle 
was solidity, and it was never considered at the time that a road 
might be a great deal too solid. With this object in view, the 
chairs, which were of cast iron, were very accurately fixed in the 
stone blocks, and &stened to them by a couple of spikes. The 
latter were driven into oak treenails, which were inserted in holes 
in the blocks, having a depth of about 6 in. It is to be noticed 
here, that there was no elastic medium of any kind between the chair bed and the stone sleeper. 
Cox^sequeutly, after a short tiqie, t)ie chairs became loose and cut into the blocks, which con- 
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tingency waa expected to be obviated by introducing a layer of felt between the chair and the 
block. This attempt proved a failure, and the evil was, if anything, increaeed. 

In order to test the value of a perfectly rigid unyielding road, and to determine whether it waa 
adapted for the purpose of a permanent way, a very crucial experiment waa carried out on part of 
the LfCeds and Manchester Railway. A portion of the solid rock, the nature of which precluded 
the idea of any subsidence or yielding taking place, was levelled, and the cast-iron chairs were 
fastened to it, in exactly the same manner in which they had been laid on the stone blocks. The 
result was a road so hard and unyielding, that it was idle to think of running over it, as, in- 
dependently of other considerations, it was ruinous to the rolling stock. Moreover, the discomfort 
to the passengers from the continual noise was unendurable. This unsuitability of a perfectly rigid 
rond was also demonstruted by another experiment, in which the chairs were laid on continuous 
walls of masonry. These experiments proved that some elasticity in a permanent way was 
absolutelv necessary to the proper fulfilment of its duty, and their result was the general abandon- 
ment of the stone blocks, and the substitution of timoer for stone. It has been well pointed out, 
that instead of dispensing altogether with the stone blocks, they might have been advantageously 
employed as a foundation for the timber sleepers, and had they been placed as suggested bv W. B. 
Adams, in rows so as to form a continuous support, a very good road would have resulted. The 
noise which was occasioned when the chairs were placed on the stone sleeper, was due to the 
deflection of the rail, and the rising and falling of it on the chairs upon the blocks. It must not 
be supposed, because there is no noise of this description on the timber-sleeper roads, that there is 
no deflection of the rails. The contrary is proved by the slush which exudes from underneath the 
sleepers in wet weather, and by the whirlwind of dust which in dry weather marks the progress of 
an extra fast train. The necessity for packing sleepers is also a corroborative proof. 

Timber selected for sleepers should be sound and well seasoned. In many instances inferior 
descriptions are selected, and dependence is placed upon the chemical solution with which they 
are impregnated, for increasing their durability and powers of resistance. The light and cheaper 
kinds of timber absorb more readilv chemical preserving solutions than the better and firmer 
sorts, and are to a certoin extent benefited by tlie preservative process. Of all woods oak is 
the best, but the expense debars it from being used. Experiments nave proved that spikes hold 
witli twice the force in oak than in other woods. The dimensions of sleepers, the distance at 
which they are placed apart, and their form, vary with the description of permanent way adopted, 
the difi!erent varieties of which will be illustrated in the present article. The chief object of a 
sleeper is to give a firm bearing upon the ballast or road proper, and at the same time to afford a 
sufficient base or bed for the rail. The tendency of the rolling load upon the sleepers, is to force 
them all down and cause them to sink into the roadway, and to prevent this, a- considerable 
amount of bearing surface upon the roud is necessary. Sleepers occasionally act as ties, but their 
use in this manner is objectionable, and tends to encourage the idea that their proper duty is to 
keep the gauge of the line, which is not the case. Tie-nmls should always be used to discharge 
this duty beloug^ng to the permanent way. If the dimensions of the sleepers are unequal, 
those which are smallest will yield first under the rolling load, and thus the whole road will get 
out of level. When stone sleepers were used, which made a most uncomfortably rigid road, and 
were consequently totally abandoned, those which happened to break were sometimes replaced by 
wooden ones, but the roaid at once became dangerously uneven, and the diflferenoe in their power 
of resistance was so great that it was found impossible to employ them together. If sleepers 
all of the same material, but of different dimensions, must be used, those which are smallest 
should be spaced closer together than the larger ones. On the whole, it would be better to use 
sleepers all of one dimension, even if they were small, tluin some of small and otherd of larger 
size. 

There can be no really good permanent way without ample bearing surface being provided for 
the sleepers. In France, the experiment was tried of sawing the sleepers in two at the middle, and 
leaving one whole one, here and there, to bind the whole rcMid together. The object of this was to 
nullify the spring of the ends of the sleepers, which deflect at those pointo under the passing load, 
and disturb the ballast and boxing in a manner which very much deteriorates the road. It was 
with the same object in view that jbrunel had a part of the pennanent way on the Great Western 
line piled, but the plan was soon abandoned. In Austria, where the timber is valuable, wooden 
sleepers are sometimes planed, which not only improves the bearing surface, but prevento decay. 
The operation may bo an improvement, but one which would scarcely pay in a country where 
labour is as dear as it is here. Where the single-flanged, or contractor's rail, as it is termed, haa 
been laid, the sleepers are sometimes grooved by machinery to fonn a bed for the rail. This 
helps to keep the road in ^uge, but, on the other hand, it weakens the sleeper, and facilitates the 
lodgment of water, which accelerates the decay of the timber. Probably, the principal cause of 
the deterioration of wooden sleepers is the crushing of the wood under the rails, that is, in the 
rail bed. An insuffioient description of fastening, want of proper bearing surface on the rail bed, 
and want of adequate bearing of the sleeper upon the ballast, are the chief reasons for this 
deterioration. It is a common circumstance to witness, on a poorly-ballasted line, or where the 
width of the sleeper is too small, the sleepers quite loose, or only held together by their fastenings 
with the rail. Directly a train passes, the loose sleeper is violently driven down as if by a blow. 
No amount of chemical preservation will prolong the life of a sleeper which is subjected to treat- 
ment of this kind. 

Much has been said with respect to the relative merits of the transverse nnd longitudinal 
sleeper roads, but the former, with a few exceptions, is that generally adopted. The advantage of 
the latter is, that it certainly gives an easier road to run on, and favours the life of the rolling 
stock, but it is a more expensive one to maintein. It, moreover, is not so easily dmined as its 
rival. This latter is a serious disadvantage, as efficient drainage is one of the essential charaoter- 
isties of a good pennanent way. , 
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Bearing Surface of Sleepers. — ^The oidinary seotions of timber sleepers are shown in Figs. 6125 
to 6128. When rectangular in shape, and plaoed transyerdely, their usual dimensions are, for the 
standard gauge, about 9 ft. long x 10 

in. wide, x 6 in. dee^. Originally ^^^' «^*^ «i^- «^^ 

ihey were 7 ft. x 4 in. in section, and 
laid 5 ft. apBkrt, but they are now placed 
at distances of 3 ft. apart, and are often 
12 in. x 6 in. cross-section, and there 
is an additional sleeper at each joint 
in general practice. The triangular 
sleepers in Fig. 6128 were first used on the South-Eastem Bailway thirty years ago. They were 
formed by a square balk being diagonally divided, so as to cut out four triang^ar sleepers, which 
were laid with the apex downwards. These have as much bearing surface as sleepers of twice the 
cubic content, cut out as a half balk in the usual manner. 

In the longitudinal system the bearing of the sleeper on the ballast U not less than 12 in., and 
the depth 6 in., but on the Great Western and some uther lines upon which it is used, these 
dimensions are increased to 14 in. and 7 in. respectively. The quantity of timber used in the 
transverse system, with four intermediate sleepers to each length of rail, is not quite 16 cub. ft., 
while in the longitudinal it is rather more. With nearly the same quantity of timoer, the bearing 
surface on the transvene system will be about 12 in., and in the other about 1 in. more. But 
in tlie latter, as the depth of the sleeper is 1 in. over the whole surface, the additional quantity 
of timber is nearly 3 cud. ft Since the quantity of timber is nearly the same, and as the cost c^ 
the rail fastenings may be considered equal, the total cost of the two systems sLould be the same. 
One reason why the transverse system was tot a long time regarded as the cheaper, was because 
on many lines the sleepers were inferior both in size and Quality to those used on the longitudinal 
road. The latter requires timber of larger scantlings and oetter quality than the former. 

The longitudinal system, although continuous, by no means prevents deflection of the rails. 
On the old Croydon line, where that system was used, the rails were frequently found broken, and 
were repaired by a plate fixed under the broken ends. It should be mentioned, however, that the 
rails, which were of the bridge form, were very light in section. So far as the cost of repairs of the 
two systems is concerned, that of the longitudinal will be the heavier. The packing will be less 
than in the transverse, but the timber is more crushed than in the other system, in which chairs 
are used, and it is more troublesome to get at the bolts and fastenings. It cannot be denied, and 
the examples we shall adduce of the systems of permanent way in m<Mt general use on the present 
lines, both at home and abroad, will corroborate the statement, that rails fixed in cast-iron chairs 
by wooden keys, and laid upon transverse sleepers, constitute the modem tjrpe of road mostly in 
favour with engineers. Exceptions exist, but they are few and far between, and are, moreover, 
due to some espc'cial local features which necessitate a departure from the general rule. 

A great deal has been said against the employment of timber sleepers in India, and in conse- 
quence of the difficulty in procuring, or preserving them, those of iron have been extensively used 
tnere. From experiments carried out on the Madras Railway with timber sleepers, it was found that 
out of sixteen different woods, five only were in a sound condition at the end of a couple of years. Of 
the others, those sleepers which had been uncovered, were less decayed than those which had been 
completely embedded in the ballast, and the decay was invariably noticed to commence under one 
br both chairs. This was, no doubt, owing to the retention of moisture there, and might be pre- 
vented by giving a good coating of tar to the chair beds. The sleepers which failed on the 
Madras line may be divided into two classes. The first comprise s those which were originally of 
perishable woods, and consequently unfit for the purpose, and the second those which, although 
of a good quality of timber, had been cut from yoang trees, and had not been sufficiently matured. 
Of the whole amount of timber in India available for conversion into sleepers, about 62 per cent, 
could not be used in the natural state, and were practically useless, because no artificial means 
existed in the country for preserving thoee kinds of a peiishable character. 

In every specification attached to a contract for the delivery of sleepers, beams, balks, or other 
timber intended for engineering or architectural purposes, one of the most important clauses is that 
which specifies the amount of heartwood which the balk or beam must possess, in order to ensure 
its being passed by the engineer or other person deputed to examine it. It is calculated that a 
certain quantity of perfectly sound and welfseasoned timber ought to be obtained out of every balk, 
and this would not be the case, should the timber contain more than the allowable proportion of 
sapwood. It is a matter, then, of some importance and of considerable convenience to the person, 
in whose hands rests the responsibility of passing or rejecting timber, to be able to ascertain 
speedily and accurately, whetner the blocks \inder his examination possess a sufficient amount 
of heartwood to furnish good and sound material for the purposes for which they are intended. 
A short rule by Thomas Gargill will enable anyone to calculate a table by which he can discover, 
by simple inspection, whether a piece of timber will g^ve or not, the quantity of heartwood required 
by the specification. In any balk of timber, the heartwood is found disposed in a pretty uniformly 
circular figure around an imaginary line passing through the centre of the balk, and may be 
regarded as its longitudinal axis. This is shown in Fig. 6129, which is a section of a balk of timber, 
and in which the inscribed circle shows the heartwood, and the rest of the figure exterior to the circle 
represents the amount of sapwood which the balk contains. It may be mentioned that the 
sapwood is that portion of the timber which is of the newest or more recent growth, which, owing to 
the premature felling of the tree, has not had time to acquire the consistency and close-grained 
structiu*e of the interior parts. The sapwood, which is unfit for constructive purposes, would 
become heartwood, if the tree remained unfelled ; and were the tree permitted to attain to maturity, 
there would be scarcely any sapwood whatever. 

In Fig. 6129 let A and B be the breadth and depth respectively of the balk, I) the diameter of the 
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eiicular portion of heartwood, and let N represent the proportion of sapwood allowed in the 
specification. The total amonnt of heartwood will equal the difference between the contents 
of the whole cross-section of the balk and the proportion of sapwood. Galling thU H, we have 
H^A xB — Nx AxB = AB(f-N) Again, as the heartwood lies wboll jr within the cironlal 
portion of the fignre, the area of this circle most = A x B (I - N), which gives Uie following 

equation ; -j" = A x B (I — N), in which r is the ratio of the circle to its diameter. Solving 

for D, we obtaio D = 2 /^ A B x v . As the length of the piece of timber is common to 

both sides of the equation, it would be superflu ous to introduce it. In cases of square balks in 
which A = B the equation becomes D s 2 A V . 

As A, B. and N are always known, it is easy to construct a table for the corresponding values of 
D, and all that remains for the inspector of the timber to do, is to lay his rule across the centre 
of the balk, and ascertain whether the actual and calculated length of D coincide. Since N, m the 
same contract, ia generally constant, the calculation is very much simplified, particularly in the case 

of square balks which are the most usual. The value of V , once determmM, suffices for all 

the different values of A and B The quantity of sapwood. which was sometimes permitted to 
remain in sleepers, very speedily led to their decav, especially in the case of transverse sleepers. 

It was the great inferiority of the timber used in cross sleepers, which suggested to Reynolds 
the idea of a composite sleeper. He proposed to usd one composed of cast iron and wood 

The shape of the sleeper was that of an inverted trough, whence it obtained the name of the 
hog-trough sleeper: the tx)dy of the trough being of cast iron and the lining of timber. The idea, 
however, did not fulfil the expectations of the inventor, and it was not until ten years sut)se- 
quently, that a metal sleeper was introduced which has done good service to the road. 

Cast-iron Sleepers — It was not long after the introduction of iron, under a variety of conditions, 
to the requirements of railways that it was attempted to employ it as a substitute for sleepers. The 
first cast-iron sleeper which has been used with success on existing lines was that of Oreaves, which 
possesses several very commendable features. It is shown in front elevation in Fig 6130, and in side 
elevation in Fig. 6131, which latter view constitutes a cross-section of the permanent way used in 
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Egypt. India, and other countries in which the sleeper has been introduced. The sleeper consists 
of a cast-iron bowl with the chair cast on it, which may be of any section to suit the rail Each 
sleeper is connected with its opposite neighbour by a transverse tie-bar, see Fig. 6131, which keeps the 




to be detached from tho chair, which forms part and parcel of the same casting. Moreover, the 
load is brought directly over the whole bearing surface, and the ballast is always maintained in a dry 
and elastic condition. The opposite sleepers cannot separate laterally, owing to the transverse tie- 




purpose. 

disturbing the ballast, or lowered by taking some of it out. All opening of the nround is thus 
prevented, which in wet localities is a very great advantage. It was found on the Egyptian rail- 
way, that these packing holes gave some trouble, as the soft soil upon which the sleepers were laid 
was foiced up through them. Measures have since been taken to obviate this inconvenience. 
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In Figs. 6132 to 6134 are represented in front elevation, in end elevation, and in cross- 
extion, the cast-iron sleeper introduced by P. W. Barlow. Bach sleeper is in two separate pieces. 
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united by a wronghi-iron tie-bar, and is composed of a plate 3 ft. long x 7 in. in width, with two 
half chsdr heads cast upon it. The joint-sleeper in Fig. 6132 has three half chair heads cast on it, 
which grip tightly the lower half of the rail, by means of screw-bolts padsing through the chair 
heads below the rails. Some nice workmanship is required to make the chairs and the rails fit 
closely, a condition very unfavourable to their employment. Another cast-iron sleeper was invented 
by W. H. Barlow, somewhat similar to the former. It is cast in one piece, as shown in Figs. 
6135, 6136. The rails are fixed to the chairs by the ordinary keys. These sleepers were used for a 
time on parts of the Midlund Bailway. The cast-iron slee^>er which appears to possess the most 
advantages, although not the most extensively used, is that introduced by Samuel, and is shown 
in Figs. 6137 to 6139. It consists of a wedge-shaped trough, of depth sufficient to take the 
whole height of the rail, and has two sloping arms at the upper part to take a bearing on the 
ballast. In the cross-section in Fig. 6139 the manner of fixing the rail is shown. It is wedged in 
between two pieces of timber, which grip it at the sides and lower flange, and are in consequence 
themselves strongly compressed. But as these troue^h sleepers are^iot continuous, as shown in Fig. 
6137, the rail must be strong enough to act as a girder, and not deflect under the passing load. Ilie 
advantages of these sleepers are that they are sufficiently deep to prevent any tendency to spread, 
and also from the same cause get a firm hold of the ballast. One of the diief points in a permanent 
way is secured by the use of the wooden wedges, that is, the presence of an elastic medium between the 
rail and the sleeper. Moreover, as the bottom of the rail is not in contact with any iron surface, it 
remains uninjured, and the wooden wedges enable that nicety of adjustment and fitting, necessary 
in the Burlow sleeper, to be dispensed with, since they effect their adjustment through their own 
compressibility. Besides, the same sleeper can be used with rails of different sections, since all 
that is necessary is to slightly alter the shape of the wooden wedg^ or keys so as to fit close to the 
rail. 

6135. 6136. 



I 



1-| I oa 51 i (a Sll fff f 



ii: 





6138. 



6139. 



^^nr^ 



^1 



w 



r 




6140. 



7^ 



nh 



^ 



6141. 



De Bergue was early in the field with cast-iron sleepers, and introduced a description of per- 
mauent way, represented in Figs. 6140, 6141. A single-headed raU is laid on a series of oast- 
iron sleepers, formed of a fiat table, with a longitudinal rib below. 
To strengthen the table, a series of thin ribs, similar to a network, are 
oast on the upper side. A lug is also cast, to take one edge of the rail, ly^ 

and a loose slip of a wedge-form, with a bolt, is made to take thot)ther fw^^^l . 
side. The bolt has an eye to take the cross-tie bar below, which is i 
lap-notched into the longitudinal rib of the sleeper. The whole 
arrangement is exceedingly ingenious, and possesses a considerable 
amount of strength, with comparatively little metal ; but in a me- 
chanical point of view, it is disadvantageous, since the rail is a prop 
on the sleeper. The joints are fished, and the sleepers, although 
longitudinal, are not continuous. The single-headed or foot rail has 
less vertical strength than the double-headed ; and the sleepers, in r- 
order to ensure the maximum of strength, should be continuous and L 
abut against one another. This system has been tried on the Great 
Northern, the South- Western, and other lines. The notch in the lower rib of the casting having 
be(>n found to be dhAdvantagoous, an alteration was made in a sample subsequently laid on the 
South- Western Railway. Do Bergufi divided the lower rib into two parts, and contpensated for it 
by applying an upper rib. This gave a much better disposition of the material, as it placed the 
cast-iron rib in compression insteiul of in teusioiu It has been stated that this road costs less for 
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maintenance than the ordinary way. The area of snrfaoe of De Bergne*s permanent way, bearing on 
the ballast, is eqoiyalent to a continuous longitudinal way, having a width of 9 in. under each rail. 
The castings are of rather a complicated character, and there is a good deal of nice fitting to be done. 
Wrought'iron Sleepers, — A longitudinal road of wrought-iron sleepers was introduced by Mac- 
donnel, and tried on one or two lines. It is represonted in Fig. 6142. The sleeper or bearing is 
curved downwards for the purpose of affording vertical strength. There are three ribs or proiec- 
tions rolled on it, one at the centre, and the other at the sides. Between the centre rib and each of 
the side ones the flanges of the rail, which is of the bridge section, are placed. They rest upon 
stripe of timber, and the flanges, timber and sleeper, are all held together by vertical bolts. Tfie 
form of the sleeper is strong, well adapted to prevent lateral spreading, and also to get a good hold 
of the ballast. 
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It was owing to the failure of some of the cast-iron sleepers tried on the East Indian Railway, 
which suggested the trial of the wrought-iron system shown in cross-section in Fia:. 6148. It con* 




weighing 70 lbs. to the yard. The cross-ties or transoms are also of angle-iron, placed at intervals 
of 10 f L, and bevelled at the ends to give the necessary tilt to the rail. This sleeper possesses gieat 
strength and stiffhess, and constitutes in reality a beam 9 in. in depth and 11 in. in breadth. As 
the central web is 5^ in. deep, it gets so good a grip ofthe ballast as to maintain the gauge, even on 
curves. It can also be packed with great facility, as it dispenses with the usual opening up of the 
road, and a less depth of ballast is necessary, since the bearing surface is only 3 in. below the rails. 
hx Figs. 6144, 6145, are shown an elevation and oross-section of Addis*s wrought-izon sleepers. 
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An ordinarv sinele-hcaded rail is supported on the sleepers, which are formed of plates of iron or 
steel, rolled to tne required shape, so that when brought together and fixed by bolts' and nuts, or 
by other suitable means, they assume the form in section of a triangle, the sides of which are hollow 
or concave ; see Figs. 6144, 6145. The rail is held bv the jaws formed at the upper angles cf the 
sleepers, and is secured by the bolts passing through the jaws and its own web. Tlie sleepers 
are 3 ft. in length, fixed at distances of 6 ft. from centre to centre, which allow three sleepers to 
each rail, 18 ft long, and also permits the rails to be fished in the centre of a sleeper. The sleepers 
are kept in line by tie-rods or tMia passing through holes formed in the plates of the sleepers, and 
fastened to them by jibs and keys. Speaking generally of both cast and wrought iron sleepers, it 
mav be stated that the practice of placing flat, or nearly flat, iron plates on the surface of the 
ballast, will be found not to answer, if from no other reason but in consequence of the injurious 
effects arising from frost, heavv rains, and floods. Greaves' cast-iron sleepers will not answer for 
high speeds, although his road is probably the best of that description, and under certain circnm- 
staucoB mny not be much inferior to one of timber. ^ 

Chairs, Keys, and Fastenings, — ^In the several examples, which will be described and illustrated 
in this article, of the best known and most extensively employed systems of permanent way, the 
keys and fastenings will in many of them constitute a concomitant feature. But there are some 
descriptions of these indispensable arljuncts to the road, which deserve a separato notice, more espe- 
cially as the changes which have been from time to time introduced, point out that improvements 
have been effected in them, as well as in the more prominent parts of the permanent way. The 
extensive use of wooden keys is due to several important advantages which they unquestionably 
possess. They are simple and economical ; they are especially adapted for the double-headed rail ; 
they are readily procured, and they hold the nul both laterally and vertically in the chair. The 
principal reason which has led to their adoption is, the elasticity of the material, which allows it to 
resume its original dimensions, after being subiected to a heavy compressed force. The advantages 
of wooden keys will probably always ontweign their disadvantages; which are, that they shrmk 
and become loose in dry weather, and decay after tolerably short service. Oaken keys are gene- 
rally unflt for f^her use after a period of eight years. Those which are placed at the jointe last 
only five years, because they are exposed to a greater amount of wear and tear. They have, owing 
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to the rail not being oontinuons at those points, heavier doty to do, and are more liable to work 
looae. Until the sleepera near the joints were placed closer together, the joiut-sleeperB became more 
depressed than those ad^'acenl which also injuriously affected the ioint-keys. 

One of the results arising from the joint-key becoming loosenea, is to giye a cant to the chair, 
which throws the ends of the rails out of leyel, as shown in Fig. 6146. It has been proved that the 
chair is idways canted in the direction of the line, and the joints have sometimes become so uneven 
that the last inch of one end of each rail is rusted, thus showing that the wheels of the carriages 
never touched them. If a joint^sleeper gets out of level, and the key is not securely fixed, the 
wheel of the advancing eneine or carriage depresses the end of one rail, as in Fig. 6146, without 
depressing the other, and the consequence is that the wheel strikes the projecting end of the rail 
with a more or less violent blow. In badly-laid joints this incessant concussion is very disagree- 
able to*the passengers of a train, and causes the unevenness of the road to be very severelv felt. 
Some years ago Barlow introduced a hollow wrought-iron key, having a shape very similar to 
the wooden key, and possessing a considerable degree of elasticity, in virtue of its hoUowness. This 
key is represented in Fig. 6147, and the stiffness, which is dependent upon the thickness of the 
metal, is regulated by the strength of the chair. The key is made so as to fit the rail as closely as 
possible, and the pressure resultine from driving it in, elongates it in a manner which conduces 
still further to the ensuring of a tight fit. These keys were tried on a few of the earlier constructed 
ines, hut have failed to come into use. The objections to them are that they are more expen- 
sive than the ordinary compressed oak keys, and also reouire very accurate fitting, a fatal objection 
to keys. It should l>e noticed, that the compressed oak keys were originally 8 or 9 in. long, but 
subsequently reduced to about 4 or 5 in. An objection to the solid taper iron keys, which were 
employed on some lines, is that, in drivhig, the lower flanges of the nuls are liable to be torn off. 
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It cannot be said that a really good serviceable mode of fiistening rails in the chairs was 
introduced, until the improved cast-iron chairs of Ransomes and May came into use, together 
with their compressed oaken treenail», to attach tliem to the sleepers. These treenails are most 
extensively used, and have been successfully applied to the Indian railways. In order to 
secure a thoroughly good fit, and give the proper cant to the rail, the cimirs are cast in iron 
.moulds, which imparts great accuracy of form. The chairs, and the mode of fastening the 
rails to them and the sleepers, also are fully shown in Figs. 6148 to 6150. Bridges Adams pro- 
poses as an improvement upon the shape of the treenails, that they ^ould be made square 
or oblong, in order to facilitate the operation of boring the holes, and to prevent splitting the 
sleepers, which happens sometimes with the round treenails when the holes are not very accu- 
rately bored. A treenail of an oblong section would drive very forcibly in the direction of the 
grain of the wood, and would offer a greater resistance against the lurching of tho engine; 
and it could not split the sleeper, as it would be of less width than the hole across the grain. 
The weakest part of the permanent way is the joints. The simplest method of strengthening 
them would appear to be to put an extra sleeper underneath, but as the sleepers themselves 
only bear on loose ballast, Ihey furnish no continuous support. The next lemedy is to tskke 
the ends of the rails altogether out of the chair, and to place a sleeper with a chair on it on 
each side of the joint, and thus suspend the joint between the two chairs. The rails and 
chairs would be connected by fishing, that is, by adding two pieces of iron, one on each side 
of the rail, between it and the chairs. But, in order to place the fishes or pieces of iron in 
the chairs, especial castings are needed; to obviate whicn, the simple plan was adopted of 
punching holes in the ends of the rails, and connecting the fish-plates together by four bolts 
passing through and through. The holes in the rails are made rather larger than those in 
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the fish-plates to allow of expansion. Tho first fish-plates were made of oast iron, bat they 
have been actvantageously superseded by others of wrought iron. This arrangement proved so 
snocessful, that old rails which had become useless from being worn at Uie ends, so that one 
end projected nearly a quarter of an inch above the other, worked to a level surface, under 
the rolling action of the trains, when firmly secured by the fish-plates. 

The manner in which the fish-phites are attaciied to ordinary rails is shown in plan, elevation; 
and section in Figs. 6151 to 6153, and the whole arrangement is both simple and effectual. A pro- 
position was made by Gordon to halve the ends of the rails into one another, by cutting off a pieco 
from the top of one and from the bottom of tho other, so that one should overlap the other. The 
expectation was that, by making the overlap in the direction of the traffic, the ends of both rails 
would be kept down together. The plan faQed in practice, and was oonsequentlv abandoned. It 
may be mentioned here that on the Blackwall Railway, when it was worked oy rope traction, 
the rail ends were connected together by a scarf-joint about 6 in. in length, with the points 
dovetailed and the whole wedged into the chair. I£ fish-plates are made too weak for their work, 
they will take a permanent set under the heavy strain they are subjected to. For this reason 
some engineers prefer cast-iron fish-plates, since, if they are not strong enough, they break at once, 
and stronger ones con be substituted, whereas when the fish-plates are of vnronght iron the set Ib 
not readily perceived. 
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Among the many joint-chairs which have been invented, the one shown in Fig. 6154 is that 
introduced by John Fowler. It consists of three pairs of jaws cast in one piece on a sole-plate. 
The two exirome jaws rest over two sleepers, so that the joint rests suspended in the middle jaw. 
A neat chair invented by Samuel is represented in Figs. 6155 to 6157. It was intended to obviate 
the objection against the use of fish-plates, because they required an additional sleeper and chair, 
on lines, the funds of which were in an unsatisfactory condition. The chair in Fig. 6157 has only 
one jaw which fits against one side of the rail, and a wrought-iron fish-plate being placed on the 
other side, the whole is bolted together. While only one sleeper is thus needed at the joint, the 
arrangement is open to the objections which have been raised against joints being placed directly 
upon sleepers, instead of being suspended between them. B. Adams also proposed a plan, by 
the adoption of which the existing joint-sleepers on lines may remain, and the inefficient joint- 
chair may be replaced by Uie cast-iron bracket-joint, shown in plan, cross-section, and side elevation 
in Figs. 6158 to 6160, which has no wood kevs. A pair of cast-iron brackets are bolted to the rails 
in the side channels by two bolts instead of four, as in the ,case of the fish-joint. Each bracket 
has a broad foot which rests on the sleeper, and is secured to it by spikes. The lower fiange of the 
rail projects below the feet, and being gprooved into the sleeper, keeps the gauge without bringing 
strain on the spikes, and renders the bolts a sufficiently firm fastening in themselves. 

Another methoa of fixing rails to sleepers is that represented in Fig. 6161, also due to the 
same authority. Its object is to dispense with the use altogether of the cast-iron chair, and bed the 
rail in the sleeper with wooden weages or brackets on each side of the rail. The lower fiange of 
the rail is sunk 1 in. into the sleeper, and the total height of the rail above the sleeper is only 
4 in. instead of 7, which is the case when the cast-iron chairs are employed. The lowermg 
the centre of gravity in this manner is a decided advantage, and the rails could be reversed or 
turned to much greater advantage by the use of the wooden brackets. Referring to Fig. 6161, the 
two pieces of tinH)er or side brackets are 9 in. long x 3} in. wide x 3| in. thick, and are bolted by 
a single bolt through the rail, one in each channel, the lower flange of the rail resting on a cross 
ehannel of the transverse sleeper. Spikes are driven through the pieces of oak into the sleeper to 
make the whole joint secure. At the joints, plates of iron are placed in the rail ohannels, between 
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tbe aide bnoketa nnd the rail, and ore aecnred by the mme bolla. Whftterer may be the aMumeJ 
ftdvantagea of thU particular joint, it ia cleat tLat the Btraiigth of the side bmcketfi, which are 
email enough, is verjunuch impaired by the bolt« and apibea driven through thom. 

At one time, there waa considerable difference of opinion with respect to the Teloti»e merito of a 
Boapended fiah-plata joint, and one in which the Babing waa effected directly over a bearing, but 
tlie question ia pretty well attlled now in favour of the former. 'I'o mslie a gitod flah-joint, the 
BDifacea of the bearing between tlie fiah and the rail abootd fit perfectly, and be straight ia section. 
There ahonld be a elighlapace or clearanoe between the plate and the web of Ihe rail to allow for 
variationa in size, aod also to get a proper bearing against the fiangea. Fiah-platea should be quite 
free from winding, and the hoTea in them ahould be large enough to prevent the bolta from binding 
in them. Fiah-piatcs were uwd early in Germany, but not in the manner of a auspendod joint 
between the aupporta. I'hey were employed merely to hold the eoda of the rails together in the 
chairs, aod were adopted in thia manner on the Iieipdc and Dreiden railways, and other linea iu 
Rhenish Prussia. The gauge was kept iu place by the lue of limg bolta or tio-roda oassing through 
the aleepera. 




In addition to chairs and other methods of attaching rails to the sleepers, W. B. Adams 
designed a fastening on the principle of the bracket or ship's kuee. It is adapted for the donbls- 
hiadod rail, Fig. 6162, but can bo used also for the foot rail or siogle-heedcd, Fig. 6162*. It 
will be seen that the Hah and chair are entirely abandoned, the rail being fixed on the sleeper, or 
let into it, or placed above it, ao as to be wedged below if preferred. The rail ia secured In position 
by the application of knees or brackets, bolted to the rails aod paaaing through them, and to the 
aleeper also, precisely aa a deck beam ia faatened to the side framing of a ship. This arrangement 
folma the oonditiona of keeping the rail aa low aa poeaible on the ateoper, abont 2 in. lower than 
the ordinary chair, and of aavmg the tower table from damage bj btowa. while the eren top does 
not interfere with its being firmly fixed when reversed, so that it ia really a reversible raiL There 
are no keys to get loose, and the bolts are saved from much vibration by the structure being bedded 
on the timber. The joint-brackets are 1 ft. 6 in. in length, vrith fonr bolts, and weigh from 42 lbs. 
to 45 Iba. a pair. The intermediate brackets are 4 in. long, with one bolt, and weigh 12 Ibe. a 
pair. These brackets are in partial use on the Great Northern, Soath-Weetem, and Western By- 
ways of France. Greaves subsequently introduced some imptovements in his jointa and fasteninga. 
A joint-chair is shown in Fig. 6163. in which ho places one flsh in the rail channel in the ordinary 
joint-chair, and aecurce it by a wood key, also by bolting it down eitomally to the rail. In Fig. 6164 
a chair with a circular base haa a plate to fill the bottom of the rail, and a vertical wood key to 
secure it. A mothod ia also ahown in Fig. 6165 for preventing the head of a chair-spike wearing, by 
surrounding it with a ferule of wood. 

The first joint designed for the bridge rail, as shown in Fig. 6166, wm not oonsideted effeetira 
enough to conatituta the rail a beam 

fixed at Ihe euda, so W. B, Adams de- eiM. am. 

signed the sample in Fig. 6167. It con- 
B'staof apairof aide castings, mch 12 in. 
long, which preaa in the angle formed by 
the raib and the side flanges. An iron 
tongue piece, also 12 in. long, fills the 
hollow of the raiL Acoupleofboltajin. 
in diameter puas through the three cast- 
bgs, and, aa they tighten, the side 
castings compress in the inclined plane where they join, and produce a firm joint. Tliis traia-Jotnt 
has been tri^ partially on linea in Ireland, upon which the bridge rail is laid down. The number 
of separate cjutings necessary to form the chair is on objectionable feature in the arrangement, not 
. to mention the nirety of fitting requisite to make a rrally good joint. The remarks made respecting 
inapeuded and supported joints, hold good for the bridge section of rail aa well as for those of 
other forms, provided they are laid upon cross aleepen. Uikder theae conditions, each chaif acta 
the port of an anvil, while the engine ia the hammer, and the reaolt ia that when aupportod joints 
are subjected for tnme time to this kind of action, tb^ become hammered out and spread. 
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In Figs. 6168 to 6170 is repieaented a lTou;;b-8l]Bp«d cbair. Fig. 6168 ii a plan of the joint- 
ebair; Fig. 6169,aplanQrttieeDdB0l'tberBile with tbeheoderemoTedi and Fig. 6170, a CToas-aeotion 
of boUi obair and roil. This olau of rail-joint ib well adapted for the mngle-hMded lail in question, 
and waa dcieigned by Blakiaton for a portion of the TJlatei Bailway, and aeaiircB tbe joiat upon 
a principle diffaient to that in ordinary ufo. ■Uoually the joint ia flebed laterally inrtead ot at 
the bottom. On referriiig to the cuts, it «ill be seen that, in order to allow for the ezpiuiaion and 
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enntraction at the joints, the hoka in the rail are of as oval ahape, and a fraction larger, both longi' 
(ndinally and tranaversely, than the oorreapondiag holes in lire chair. The latter ia a complete 
trougb ^irdar, and its breaking weight could be readily calculated on that assumption. The ribs 
at the aide impart gr^t lateral atiffueas to it. The weight of the rail is 75 lbs. to the yard, and 
that of the chair, which is 2 (t. 9 in. in length, ia 45 lbs. Ttiia is not too henry propurlionately 
for the isil. It was a mistake, frequently comiuitted in foimer times, of naaking the chairs con- 
siderobly too light Tor th« rails they had to support. Breakages were continually occurring: in 
conseauenee Juhn Unmsbottoni introduoed on tiie Londonand North-Wcatern Hailnay a wrought- 
iion chair aad flah-Joint wttboQt bolts, in which a wrought-iron key ia used, wldch ia long enough 
to reach from chair to chair, and is placed on each side of the joint. Thia method of auspcndin^ 
the mil from the chair has the advantage of maintaining the rail uninjured by the chair, bo that it 
can be turned with be(t«r results tlian usual. II also eaves the eipenBe of punching or drilling the 
boll-hole;] in the rails, but thia is more than oomponaated by Uio additional length of the key. Iron 
keya might be in some instances substiluted for those of wood in hot climatea with advantage. 

It has been asserted on good authority that the compressed keys are not the best which can be 
DBCd in India and other similarly situab'd countries. After being eiposod to the action of the 
weather for some length of time, they swell and require to be pared down, before they can bu made 
U> fit into the chair. But since these objections were raised, which were no doubt Talid, the beys 
for railwayii in India have been made of rather lai^er scantling than those for the Englieh lines. 
They are nol then so readily aflected, and have been found to afford vary good and satisfactory 
results. A very superior description of kev ia employed on the Portngneae linee. It ia made of 
oak, abnat 10 in. in length, and has a slight taper longitudinally, so ^t, as the wood slirinks by 
reason of the heat, the kev can be driven up, and the roils tightened in the chairs. 

A certain amount of elasticity ia necessary in the matorial of which keys are mode, or Uie cast- 
iron sleepers would break nodet the passage of a heavy load at a high speed. Barlow waa well 
aware of this fact when he tried his wrought-iron key, shown in Fig. 6H7, the thickness of which 
.was proportioned, so that, while on the one hand the key had sufflcient elaaticity, on the other 
it WHS not too strong for the cliair. The best laid road with the heaviest rails will be shaky to 
run over, if the keys do not St well and lightly. 

Ai^i.— Tlie earliest, cheapest, and worst description of wronght-iron rail is the flat tire-bar rail 
apihed down to a lungitudinaJ balk. This waa used on some of the early Ameiiian lines, bnt enb- 
aiLijntntly abandoned on account of the great wear and tear, and the dan^i to passengers. Some- 
times the end of the rail turned np, broke tbroagh the bottom of the cftrrioge, and killed a person. 



This form was succeeded by the single ^ flsh-bellied rail, weighing from iS lbs. to 35 lbs. U 

yard, which was nsed on the Liverpool aud Manchester line. The Vignolcs' 

tlie double I", then the foot roil, the bridge form, and others, which will be noticed in their proper 



Vignolcs' roil came next, then 
will be noticed in their proper 
place. After a few alterations in form and weight Barlow's rail was reduced to the section ahown in 
tig. 6171. A plan and cross-section of the line hiid with these roils are given in Figs. 617Z, 6173. This 
roil waa invented to dispense with the aasisiance of slerpcn, and to take ila onn bearing in tha 
ballaBt. It weighed at one time as much aa 127 lbs. to ihe yard, but this weight has subHequentl; 
been reduced to about 95 lbs. The width waa originally 13 in., and tbe height 5j in., but thcsa 
dimensions wore altered tcr llin-and 4}!n.Ra in Fig. 6171. The joint ismade by placing the end of 
the roils on a niddle of wrought iron 2 ft. 6 in. in length, and maiie to fit the hollow of the roil. 
The ends of the rails are riveted to the saddle witbont allowing any room for contraction and 
expansion. Since the upper part of llie rails abut closely agiinst each other, they resemble the 
upper fljin$^ of a girder, and are Id compression, while the lower part is in tension similar to the 
bottom flange ofa girder. The whole joint therefore represents a giriler, the strength of which ia 
•ItoKcther dependent upon the shearing atrength of the rivefa. With respect to eipnn<ton. tt is 
evidBnt that if any were to take place, Iha roils must either expand throughout their whole length. 
or elae buckle latraally and become distorted. This question of tli« contraction and expKioon of 
rails is not by anj means aatia&ctorily aettlad. Brunei, who riveted some eighty or hundred rails 
together on the Qreat Western BjuIwhj, did not find that any inconvenience arose fromnnprovisioit 
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being inada fbc enuisioik. It I* probable that no OEpwuion does oocmr in the saw of the Barlow 
Tm1«, for, aa tbe7 ue diieotlr on toe gniimd, which U a good ooudaolor, ths heat u canied off; and 



the riae In tempentiue at the rail pTerentsd. The diaadTantage comnuni to all mill of this type ia 
the ImpoBaiblli^ of properly pacUiig them. - Thii objection is fataJ to Iheir general adopdoD. Tbe 
Bartow kU ho* TMoltad !□ a oomplete failure, and the inreotor was one of the flrat to aokoowledge 

" ^ B lateral and Tertical BtiffneaB, combioed 

„ ^ . , ally well eoaured io a rail of the aection 

lepreaenled in Tig. 6174. A bearins anrfaoe can be readily obtained of 14 in. in width, in compari- 
■on with the Barlow tall of the Bame weight, of 9 in. in total depth and 6} in. !□ depth below tha 
ballaab The jointa oen be formed br meanaofcheek-ptatea or wrappers bolted to tho Tertical and 
horizontal j)arts of the rail, and an aUowanoe can be made for expmsion, by making the bott-holea 
in the rails larger than those in the olieek-platea. Any difficulty or eitra expense which might 
' ' ' " ''^''iBBeelion, woold be easily snrmonnted by tha large quantity 

B represented. 



ooear in the manofiiotnre of a rail o( thia se 




form with a pair oF lateral rapporting 
wioga, saperadded at the position of 
the neutral alls, or they may be oon- 
aidered as foot raiU on the AmoHc&n 
plan, with a lower vertical rib gopar- 
added to give Tertical stiffDess, and . 
keep tbe gauge withoat straining the 
. bolding-down spikefi by tbe blows of 
tite wheeta. The example in Fig. 
6176 is H [q. deep, 3| in. wide, and 
weighs 42 lbs. to the yard. A joint- 
plate I ft. 6 m. in length, 3) in. wide, 
and } in. Ihirk, is aecnred to the rail 
ends by two bolts. The other example In 

4 in. in width across the sapportiog wtngg. The rails are fixed in cinas sIe«>eTs whioli are tmlf 
and aocnratehr cot in a grooTing mschioe. This renders the getting out of gauge of the traek 
impoadbla. 'ntehMda of the rails ibowninFiga. 6175, 6176, appear small, but tbey are quite large 
enough for tbe wheel tread, nnleaa when enonncnu and unprofitable weights are ran over them. 

The bridK6-ah^)ed rails as ahowa in Fig. 6177, are ooasiderably wetkker, weight for weight, than 
tbe double I form. The proportion is aa 5 to 7. Consequently adouble T "il weighing 70 Iba, 
will be eqnally strong as one of the former type weighing 88 Iba. It is asserted that (be bridge 
rail is not calculated to ensure sonnilness in the imn, as it requires iron of a snmrior deecrlption, 
and great care in rolling. Brunei, in some of bis large oontraota, in order to obviate tbe tendency 
of tbe rails to laminate, alrongly advised his directors to pay an extra price to get tbem of good 
qnality, which necessitated an additional process in the manufacture of them. Many enginceia 
consider the system of the double I rail and cast-iron chairs to be moch superior to the bridge rail, 
laid in any form. Hawkshaw abandoned tho use of a mil weighing 58 Iba. to the yard huTing a 
form umilui to the bridge rail, for the double I fi^rm and ciiat-iron chaira. The principal reason 
which will always prevent the bridge rail coming into extended use, is the diflScnlty of making a 
good joint, when it is laid in the usual manner with flat-soled joint-chairB, and especially when, in 
> the chair, the rail is fastened to longitudinal sleepers. It Is almost impracticable to 

[f'tbo raTu a " " ' " ' "" "'"" ' 
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U to be profaned to any otber form. In pmotioe, nila moat not be too high, or thiy offer too great 
» leTange foi tlie efi^t of tbe larch of the enginu end carriasee, wbieb is occBaionally a eerioua 
mmtter. Experimenti have proved that wben light rails bavebeen pnt duwn, andsubjected to a 
traffic bejond Uieir powenof reaiatanoe, they beoorae rolled ont, Light mila placed in tbia aitua- 
tit»i, whioh wera onnnally laid vith a apace of oae-eightb of an iooh at Ibe joiDta, were foand 
kfter being run over for tome time, to be in close contact at thoee point*. 

Aa an example of the Inferior manner in which the bridge rail was laid down In France, wo 
will briefly refer to the permanent way of the Bordeaux Bailway. The oroes^ectiooa of the rail 
sod j(HQt-pUte He ahown in Figa. 6177 to 6179. Both the average length and the oAwa-aeotion of 




(he longltodtnal timben. are only a little more than half thoee in u*e on the Eucliah lines. Tbe 
eole ohajioe of stability of a road, oompoaed of suoh nameroos short lengths of timber, must depend 
upon the snbatantial and workmanlike manner in which it is framtd together. On tbe great 
western lines in France, thia objeot is effected by the housing of tbe transoma into the longitudinal 
limbers, ami by tie-bolta wbioh peas through the latter end are firmly secured to the furmer. The 
eontinuouB bearing of the longitudinal timbers ia secured by a sort of dowel oaUed a joint- plate, 
which practice has ahovn unites the ends oF tbe timbers with a great degree of solidity. On 
the Bordeaux line, all the pierautlona which long eiperienr« in this country had prared to be 
oeceasary, were omitted. The abort longitudinal timbers were merely laid end to end on Ihe tran- 
soms as shown in Fia;. 6177 : the tails were laid on and riveted to the joint-plate, and the sole-tie 
between the outer and the inner rails was effected by the bolts wliich peased vertitklly through tbe 
rail, the longitudinal timber and the transom. The gauge of the roud depended altogether npon 
the riTdiug of the tails, an operation which had been tried in this country and abandoned, as it led 
to many serious eiils. The timbers could not be framctl together until the rails were liveted, 
aa the irregularities in their length and the great amount of expansion and contraction due to tbe 
olinutte, rendered useless any attempt at fitting without riietme. Hoteover, the twisting and 
warplag of the timber threw an undue strain upon the rails, which were not deeigned lo bear so 
gretrt a lateral strain. The tendency of tbe working of the tralBo was to throw the line out of 
gauM^ whioh was only resisted by the lateral stiffness of the rails, doe to tbe riveting or to tbe 
paldiDg-dowD bolts, which unfortunately acted si right angles to the disturbing force. 

Figa. 6180, 6181, show two examples of Adams's suspended ginler rail. Tbe one ia Fig. G180 was 




flan^ a „ „ , . 
vertical rib connecting the two beads, being in a similar condition to the web of a plate girder, ia 
made light. The objeot is not to sustain a lud upon an ioaistent web, but to oonnt-ct the top nnd 
bottom tables with such a totul depth as will give the requisite strength, while tbe rail is suspended r 
beneath the upper table, and forms a keel below Ihe beams, giving a Sim iurFaoe-huld in the ballast. 
The total depth of the rail is 7 iu., the heads or tables being 1| in. in depth and 2 In, 



This gives practically aa much bearing surface to the wheel as the ordinary double I rail of 2^ ir 
'ireadth, because when bv w '" ' • - ■- 

imble mouldings, crash dow 



o when by wear more than IJ in. of width cornea into bearing, the aides, nhtcb 
JB, crash down for want of suppurL The ani^le-bnickets aru bolted through tlie 
ralla, and to them as well, and, by bracking joint with the rails, and with each other, produce 
a UDifoim strength throD^oot, while the rail being suspended, and not Innatent. can be made much 
lighter than would be pcaalble, were it supported on the tower table by the ordinary method. The 
angle-braoketa aro about 61 in. wide, and when bolted to the rail make up a total width of 13} in., 
whioh is equivalent to the bouing surface of a croes-sleeper rood, with the sle^iers 2fL 6in. apart. 
GoDsequentlj, m Uie height of the rail-tread ia only 2} in. above the bearing on the ballast, and 
tbe keel below is 4} in. In depth, the "■"■"'""' sccnrity against rocking or other disturbance in the 

le of its best features. They 
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are the rail, the brackot, the bolt, and the lie-bac or Iransom, end these are all of the Mme Dutttial, 

that is, wrought iron. The bolta aie oomparetiTel; but little strained, as the braakets fit seoorelj 
in the square angles of the rail. There Is a very large amount of lateral resittaDoe to blows. 
Experimentv were tried for oonfparing the strength of the joint of this rail with the flBb-joiut of tli« 
double I. The bearings were 7 ft 6 in. apart With a pressure of 6 tons applied b; means of 
a bydraulio press, the bolts in the flab-joint wtre broken Mooee, while thoae in the suspended girder 
jo[ijt stood 12 toDS without anv eign of yielding. 

It may appear almost paradoxioal to assert that too heavy a rail can be laid down, omitting aU 
eoonomical considerations. But experience haa proved that there Is a maximum limit. On the 
Eaiitem Counties line, rails weighing 95 lbs, to the yard, which had been laid, had to be takMl up, 
and otbi:rs weighing only 75 lbs. to the yard rabstitalfd for them. There were a great many more 
breakages with the heavier rail. Without going into needleaa particulars, the principal caoaes 
which leod to destroy rails, are the abrasion of the npper snrfaoe from the wear and tear of tbo 
tralUc, and lamination or teudenoy to ^lit off la layers, under the contiDQiil pressure of the wheels. 
Supposing the points of sapport for the rails, or the chairs and sicepen, to be 3 ft. apart, tlu 
beavieat weight tbey would nave to bear, considered as girders, would E>e when the driving wheels 
of Ihelargi^at luoomottvein oee were resting on them, which, for moderate traffic, would be equiva- 
lent to a weight of about 10 tons on the pair of rails, or 5 tons on one^ acting at the middle of the 
rail, which is equal to double that weight uniformly distribated. Regarding the rail as a girder, 
the strain on the lower flange will be given— sea U&tbbuu of Conbtuuction, Btbenqth OF—by 

theeqoationS = ~ — =: = - — j—^ — 10 tons nearly. TaMng the safe atnkin at 4 tons to the square 
inch, the sectional area of either flange of the double-headed toil should not be leas than 2} in., 
or of tbe whole rail abont 7 in. Ttiese are the minimum theoretical dimensions. In practice 
the dimensions ore very mnoh larger. As a good general rule, not applicable, however, to tails 
subjected to a very heavy trafflc, it may be stated that the weixhl of a yard of rail, if supported at 
intervals, should be IS lbs. for each ton of the greatest load on one of the driving wheels of the 

In Figs. 6182 to 6190 are shown varions seotions of i^ls designed by Carl Sandberg, Inipeetor 
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of Bailway Plant to the Swedish Government. The peonliar features in these seotions are that the 
width of the flange is eqnal to the height of the rail, thereby giving greater stability to the road, 
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that the fish-plates are reyersible, and the angular inclination of the oheeks is sncli as not to 
throw too much work upon the bolts, giying a stronger joint than can be otherwise obtained* with 
a pear-shaped rail-head, and that the material is distributed in the different portions of the rail, 
exactly according to the requirements of each part. Thus a eood wearing surface is provided for 
the heads, while the web possesses the requisite stifiness, and tne flange has sufficient strength and 
stability. The dimensions and details of the sections in Figs. 6182 to 6190 are given in the accom- 
panying Table I. The joint is shown in Fig. 6190 for a rail weighing 65 lbs. to the yard. 

Tablk I. 



Weight in Um. 
a yard. 


Width of FUnge 

and Height of RaU 

in Inches. 


Width of Ran- 
be«l In tncbet. 


Thicknen of 
Head in inches. 


Thicimefls of 
Stem In inches. 


ThickDesBofTop 

Blah in the Raff 

PUeininchea 


40 


8i 


H 


i 


i 


6x2 


45 


2* 


a 


H 


i 


6x2 


50 


8» 


u 


1 


i 


7x2 


65 


4 


H 


1 


A 


7x2 


60 


H 


2A 


H 


•h 


8x2 


65 


H 


2A 


1* 


A 


8x2 


70 


« 


2| 


lA 


A 


8 X 24 


75 


5 


2A 


H 


•h 


8x2^ 


80 


«* 


8* 


H 


A 


9 X 2| 



The system of testing rails is variously carried out by different engineers. Sandbeiv proposes 
the following, which is very satisfactory. The supports should consist of solid iron blocks, 4 ft 
apart, and the weight, of a ball weighing half a ton. The weight should fall on the head of the 
rail, weighing 40 Ids. to the yard, Fig. 6182, from a height of 4 ft., and for those weighing an 
additional 5 lbs. a yard, the increase of fall should be 6 in., so that the fidl proper for a r^ weigh- 
ing 80 lbs. to the yard would be 8 ft. Out of every 1000 rails one rail shoula, at least, be tested, and 
if not broken, the whole 1000 may be accepted ; but if broken, ten rails must be tested from the 
same make, and for every one of these stanahig the test, ninety-nine may be accepted. 

With the exception of the Great Western and a few other lines, the double-headed rail is almost 
universally used m England. The accompanying Table II. shows the seotion of zailfl most gene- 
rally employed in different countries. 

Table II. 



NameofOonntry. 

America 
Australia 

Austria 

Brazil 

Canada 

Ceylon 

Chill 

Denmark 

Engumd 



SeoUonofRall. 



Single-headed. 
Double-headed. 
Deep flange raU. 
Douole-headed. 

(Sinffle-headed. 
Bridge raiL 
Single-headed. 

Deep flange rail. 
Double-headed. 

If » 



Xame of Goimtiy. 

France 

Germany 

India 

Italy 

Ireland 

Naples 

Peru 

Prussia 

Russia 

Sardinia 

Sweden 



Section of BalL 



Single-headed. 
Deep flange raU. 
Douole-headed. 
Deep flange rail. 
Bridge rail. 
Single-headed. 

94 ta 

Deep flange rail. 

Single-headed. 
Deep flange rail. 



It is worthy of remark that the double-headed rail was originally laid down in France and on 
the Bhenish railways, but latterly the preference has been given to the single-headed form. The 
bridge rail has also been employed on Bmners system, and Barlow's rail has been introduced 
as well on those lines. 

St&el Baib. — The increased weight of the engines lately oonstmcted, together with the high 
speed at which they run, have led to the rapid destruction of the iron rail, and has rendered it 
highly desirable to resort to steel rails, which are being rapidly introduced on our priucipal lines 
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of railways. A steel tail, if hard, should be homogeneouB in texture. If haid in some places and 
soft in otiiers, it is liiU>le to be broken by blows. The valne of the steel rail consists chiefly in its 
being homogeneons, being rolled from a single ingot, without a weld. On the other hand, the iron 
rail is analogous to a bar of scrap iron, a mass of imperfect welding, on which scale causes want of 
homogeneity. The chief cause of the destruction of iron rails is not the actual attrition, but the 
disintegration, which results from repeated blows. When a blow of a certain intensity is given, 
the iron rail disintegrates, but the steel rail does not. A steel rail of about 85 lbs. to the yard 
may be fairly regarded as affording the maximum amount of strength, rigidity, and durability that 
the requirements of locomotiye traflSo demand. 

The operation of rolling east steel ingots into finished rails has yery recently been suocessfnlly 
accomplished by the Philadelphia and Keading Railway Company. The steel was made at the 
Hid Yale Steel Works, near Philadelphia. It was cast into rapots about 9 in. square, and fur- 
nished to the rolling mill to be heated and rolled into rails, weighing 68 lbs. to tne yard. The 
rolling was done by the same rolls which were in ordinary use for the rolling of iron rails. This 
is a great adyantage, aa it is an expensiye affiur to coDBtniot new and special rolls unless for a yecy 
large order. 

The manufacture of steel raila by the Bessemer prooess enoourages the hope, that at length a 
material has been obtained, which will be able to withstand suooessfully the wear aud tear, which 
so rapidly destroys its wrought-iron predecessor. About ten years ago, some steel rails were laid 
down at the Camden Town and Crewe stutions of the London and North- Western Railway, where 
the traffic is of a character so exceptionally heayy, as to wear out iron rails in the course of a few 
months. A couple of steel rails 21 ft in length were laid down at the Chalk Farm Bridge, side 
by side with two ordinary iron rails. When taken up three years afterwards, afker outlasting 
sixteen faces of the iron rails, they were eyenly worn on the one face which was alone exposed to a 
depth of about one-quarter of an inch, and were still capable of heiixf of seryioe. The adoptiou of 
steel rails on main lines, where the traffic is sufficiently neavy to justify the expense of laying them 
down, will proye cheaper in the end, will diminish the breaking up of the road, and Md to the 
safety of the public. 

f''-' The cost a ton of steel rails is nearly double that of the ordinary iron rails, but if we put the 
ttfe of the latter at three years, and that of the former at eight* the disproportion in prioe dis- 
appears. 

In Fig. 6191 is represented the section of the Bessemer steel rail made for the Great Indian 
Peninsular Railway. The weight of the rail is 86 lbs. to the yard. From an extensiye series of 
experiments undertaken to ascertain the relatiye strengths of steel rail^ iron rails steeled on the 
face, and iron rails, the steel rails gaye the beat resmts, the mixed raU the next best, the iron 
the worst. It should be remarked that of all the different forms of iron rails tested, tiie bridge 
form was considerably weaker than the others. In testing rails, if the span between bearings is 
made twelve times the depth of the rail, the latter will nearly approach the condition of an ordinary 
solid web girder. The first steel rails, or rather steeled-iron rails, were laid down on the Minden 
and Cologne Railway, in 1854. The original iron rails aa that line lasted only two years, but, 
by steeling the head, the mixed raU Utsted eleven years. These rails weighed 56 lbs. to the 
yard, and the steel used in the raanu&oture was only a thin slab of puddled steel about 4 in. 
The steel portion formed only 12| per cent, of the whole section; experience, however, subse- 
quently showed that this mere facing of cast steel on the iron was not durable, and that to 
produce a complete combination of cast steel aud iron, which should not undergo disintegratuni 
by the vibration of the rail, it was necessary to have as a minimum 47} per cent, of the section, of 
steel. Under these drcumstances, it would be better to employ the Bessemer rail wholly of steeL 

In Older to ascertain the relative advantages of steel and iron rails, the directors of the Fur- 
ness and Midland Railway had a series of tests 

carried out. For this purpose, steel rails of 73 lbs. 6191. ei9aL 4198. 61>A. 

to the yard of the section in Fig. 6192, and iron 
rails of 80 lbs. to the ynrd of the section in Fig. 
6193, were keyed in chairs, placed 4 ft. from 
centre to centre, with the following results; — The 
steel rails supported a weight of 5 cwt. falling 
20 ft. and 26 ft. respectively, while the iron rails 
broke with the same weight falling 6 ft. and 8 ft 
These trials were ooneidered to establish the 

superiority of the steel rails, and the whole Fumess and Midland Railway was relaid with 
them. 

With respect to steeling the top surface of rails, Dod's prooess was employed with success more 
than ten years ago. A steel-headed rail is shown in Fig. 6194, which presents some features of 
novelty. 

It is the invention of L. Booth, of Rochester, U.8., and has already been tested in the 
United States. In making these rails the iron rail is first rolled to the reouired form. The cap of 
steel, also rolled to tiie proper dimensions and the same length as the rail, is then heated 
moderately, placed on the rail, and the whole is passed through a machine, by which the sides of 
the cap are firmly closed on the iron ; and it is claimed by the inventor, that the squeezing out of 
the top by the tread of psasing trains, causes the oi^ to fold round the rail, so to npeak, and take a 
firm hold. The first rails tried were put down on a branch of the Pennsylvania Central Railxoad. 
One rail was 28 ft. in length, and the steel cap, not being quite closed in upon the sides, was so 
loose that it oould be easily driven off endwise with a hammer. It was put down where a heavy 
euffine was frequently (massing over it, drawing tmokloads of iron. The ^eot was to shift the cap 
endwise with the moving train, until it struck the adjoining rail, and aa the train returned the 
pap would be carried along as far in the other direotion. This efleot continued from day to day, 
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Irat loon began to abate by degrees, until in three weeks the end action oeased^ and the cap began 
to clinch the head of iron, flrat at the ends, then approaching the centre, until in the short period 
of ninety days the entire rail became a« solid and firm as if made of one piece dt steel, and strUring 
the hoed with a hammer would meet with reaction equal to striking any piece of iron or steel <3 
the same weight. 

Testing Haiis, — ^With the increase in the weight of rails, and consequently in their cost, there is 
the greater necessity that they should be of good quality, and able to withstand any test of a fair 
and practical character. Priee has recently designed a machine for this eipress purpose, whiph 
tests both the strength of the rail and its powers of resistance with regard to wear and tear. 

The various existing methods of testing rails may all be reduced to one of three heads, namely, 
a dead-weight test, a fiuling-weight test, and an examination of the section of fracture^ The test 
by a dead weieht determines the strength of a rail as a girder, but that is alL The endeavour to 
ascertain wheUier a rail has sufficient toughness by submitting it to the action ci a falling weight 
is fallacious, since by its use, rails of a good serviceable quality may be rejectq^ while bad ones may 
be passed. 

To a practised eye the appearance of the fhujture, and that of th« planed section after treat- 
ment with acid, ma^ be some criterion of the quality and properties of the material, but it is not 
of a ohiuaoter suffloieutly tangible to be inserted in a specifeition. The machine in question is 
intended to determine with socuraoy, the strength and wearing capabilities of rails both of iron 
and steel. It consists of a simple arrangement of two or more metal or steel roUen supporting a 
oiroular frame which confines them. The frame is connected by radii with a central boss, through 
which passes a vertical axle, shown in Fig. ^195; or the frame may be cruciform for four rollers, 
as in Fig. 6196. Another arrangement is shown in Fig. 6197, in which a simple beam passes 
across the centre for two rollers. Jn every case, sufficient strength is given to tne arms or radii 
to resist the centrifugal force irfaen revolving. 
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The rails to be tested are Ibrmed into a cirole or polygon, aad are rapported on sleepers paoked 
up with ballast in the usual manner. This arrangement constitutes the road under the rollers, 
upon which they are caused to travel at any required speed, by means of motion communicated to 
the centre axle from shafting underneath, or by direct action of a pair of cylinders. The fhune 
is sufficiently stiff to bear entirely on the rollers, and the boss is free to move up and down on the 
vertical axis, so that the machine may adapt itself readily to the inequalities of the road. 

The weight with which each roller hem upon the rails, should be equal to the weight on the 
driving wheel of the heaviest engine likely to be worked over the same rails, when in actual use. 
The rollen have treads sufficiently wide to work over the rails, arranged as a polyeon, as in Fig. 
6195, and being portions of cones radiating to the centre at the level of the top of the rails, see 
Fig. 6198, they will traverse over a polygon as easily as along a curve. 

In using the machine to test the strength of rails, some of the sleepers are left out at several 
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parts of the circle, bo that the rails at those places may span double intervals. If a rail takes a set, 
or breaks under the action of the revolving rollers, it is unfit for use. In order to arrive at a proper 
margin of strength, the lower member is weakened by cutting or drilling until it breaks. JBy 
testing rails of known good quality in a similar manner, a standard of strength mav be arrived at. 
The determination of the wearing properties of a rail, is manifestly accomplished by keeping the 
machine revolving until the rails are worn out. In all experiments with this machine, Frice 
assumed the truth of the law first demonstrated by Price Williams, according to which, rails are 
worn out by the action of a certain number of spoed tons. Upon this assumption, if ten rails are 
placed together under the machine, one of which is a standard, it may be accepted that those which 
wear out before the standard, are inferior to it in quality, and also that those which wear out first 
are the worst, and that the number of speed tons borne by each is tlie measure of its value. The 
wearing effect produced by a machine having four rollers, bearing with a pressure of 7 tons each 
upon a ring of rails 40 ft. in diameter, and worked at a speed of 40 miles an hour, may be thus 
estimated ;-r42 revolutions a mile x 40 miles an hour x 22 hours X 28 tons = 1,034,880 tons a day 
of 22 hours, allowing 2 hours out of every 24 hours for oiling, packing, and attendance. The total 
result would be equal to 41,395,200 speed tons a day. A couple of days' wojrk would discover any 
defective rails, if not, destrov the test. 

The machine shown in Figs. 6195 to 6198 consists of a horizontal beam, supported on a pair of 
metal rollers 5 ft. in mean diameter and 16 in. wide. The circle traversed is 40 ft. in diameter. The 
rollers weigh 2| tons each, and, with the beam weighing 6} tons, the pair of rollers press on tho 
rails with a total weight of 11 tons. One roller bears with 5 tons pressure, and the other with 
6 tons. Motion is imparted to the central vertical axle by means of shafting underneath an«l 
bevelled wh( el and pinion driven by a steam-engine. The power is sufficient to get up a speed of 
20 miles an hour, ^nd a counter is emplo^4 to register the revolutions. 

From experiments made by Price, it appears that iron and steel rails are very differently 
acted UDon by rolling weights. A steel rail ik tie section shown in Fig. 6199, weighing 80 lbs. to 
the yaro, and an iron rail, shown in section in Fig. 62i)0, were tobted. Strips were cut from the 
flanges of both of the rails, and subjeoted to direct tensile strain. The steel bore 30 tons a square 
inch before fracture, an4 stretrhed 20 per cent, of its length, and was then so tough as to bend 
d juble cold. The iron bore only 21 tons a square inob, and stretched only 9 per ceiS. This indi« 
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cates that steel, though stronger and apparently tougher under slowly applied strain, is really more 
brittle than iron under strain suddenly applied, as if the molecules of steel required time to arrange 
themselves to resist separation. It is to be remarked that all the ordinary types of fieh-plates break 
under this machine. Tlipse with a small flange below as shown in Fig. 6'401, alone stand under 
its action. The rails also show a weakness at the fish-holes. Tlie life of an ordinary iron rail of 
fair average make, is by this cuncentrated method of rolling test, equal to not less than 30,000^000 
speed tons. 

In Figs. 6195 to 6198 A are the rollers, B the beams, C the castings to receive the jonrnalSy 
D the tie-rods, E the bevel driving wheel, and F the driving arms. 

S'ritches^ PomtSy and Crossings. — When a train or single carriage is obliged to leave one pair of 
metals and run on to another, some contrivance is necessary, in order to efiect the transit without 
interfering with the normal condition of the road. The simplest method of conducting this opera* 
tion, and one which is always used on o.>ntractors' or temporary roads, is to nick tbe rails at (he 
cmssing, or the point where the one pair of rails crosses tne other, in order to allow the flanges 
of the wheels to pass, and to leave about a couple of feet of the ends of the rails loose, that is, held 
only to the sleeper by a loose working spike or pin, at the place where the junction terminates. 
By simply moving these loose ends of rails baokwards and forwards, the carriages are turned from 
one pair of rails to the other, or shunted, as the technical phrase is. This crude arranj!:ement will not 
answer for steam trafii**-, and it is therefore necessary to provide some better means for accomplish- 
ing the shunting. It would be to little purpose to mention a tithe of the numerous railway 
switches and crossings which have been invented, with the object of facilitating and rendering 
safe the process of shunting. The principal features will be alluded to, and a sufficient number 
of examples given to illustrate what constitutes a very important part of the permanent way of 
a line, especially with reference to the cost of maintenance. One of the early switches was Ftix's, 
in which the outer rail was cut or notched out, for the purpose of admitting the tapered point of 
the tonp:ue rail when closed, and for lessening the projection presented to the flange of the wheel 
in running against t le points. In eome of the switcnes used on the Great Western line the outer 
rail is slightly bent at the extremity, so as to form a recess against the end of the next rail, 
which recess receives the point of the tongue rail, and answers the same purpose as the notch in 
Fox*s switch. 

Before proceeding to details it will be well to describe generally the mode by which trains can 
be transferred from one line to the other while in motion. 

The apparatus in common use for this purpose consists of two parts, known as the switch and 
the points, an example of tho simplest form of which, or a single switch, is shown in Fig. 6202, 
f he switch B is made of a raoyable rail or tongue, tapered at the end so as to lie close to the 
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Tn move the Bwitchea. e,ud nleo to allow them to be, under certain pircnmataTiceB, Bplf-acting, a 
lever ia employed, having a counterweiglit acting inside Ibe Biritch-boi, at B in Fig. 6202, wliicli ia 
placed alongsi'le the line with the lever handle projecting. The switches are aminged an that the 
main line u always kept open, when the lever is Dot moved. Tliis self-acting adjustment of the 
lever and switch is not applicable at tlie eDtranoes of large rtalions, and speoial arrangetuents are 
provided iu such casts. The points C. otoroBsings. are Gied V-shaped pieces of iron, where one line 
of rails croesas the other, and are made of iron or steel of superior quality, as they are exposed to 
an immense amount of wear and tear. The ehort lines at the points O. parallel to the rails, are 
olicok or guard mils, and are intended to prevent any tendency of the wheels to leave the metals. 
The direction of the traffic up and down is shown by the arrows, tliat is, it is in the direction 
to which tlie V "^ "^c crossiug points. Were the direction of the trafflc reversed, the point of ttie 
V would meet tho traffic, and the points would be what are tprmed facing points. These ore 
hix'hly object ion able, and strongly protesteil against by tho Government inapectots of railwaya, as 
being a ftuitful source of <iBnger and accidents. The danger iucreaaei with tho speed. In Fig. 
6203 is npreaeuiad the geneisl plan of a three-throw switeli. By this arrBngement the single 
line of rails ia moved by the awitcb, which shifts both rails together to any one of the three 
diverging linea. 



The direction of ■ tiain may be reversed, where room permits, by laying in a oouple of sidings 
mnverging to each other, with a piece of ttratght at their point of meeting. TreverHiog platforma 
«re also used for transfnring engines or tingle carriages from one line to another parallel lo it. 

The weakest places in auitches and ciofflinga are those in the outer rails of awitclies. and the 
wing rails ot the croMinga, in the line where the oater edge of the wl>ecls crosses them in a 
diagoni^ direction. These parts are exposed to k sariea of severe blows fi^ra the wheels, caused 
to a groat degree by the undulation of tbe rails, while the train is passing over, the weight of 
whicb is sustained alternately by tlie point rail and the outer rail. The moving or shifting of tho 
various parts of a snitch or ensslng. which n^sults tiom this cause, is very injurions, as the least 
settlement of the rail on which the wheel is running, cansea the infliction o( a severe blow. In 
situations in which the traffio Is heavy, these parts of the permanent way suffer t, very large 
autount of wear and tear, especially in places where the brake is frequently applied. 

Iu Figs. 62(H, G205, ere sliown sections of Panons and Baynes' switch. In tbe former, the point 
rails for orosainga and tho jjds^ 

tongue rails for «witchee were ~ 

first made solid. Tiiisisagood 
pliin, bnt they do not alTord pro- 
tection to tlie outer and wing 
nils which are the molt liable 
to suffer abrasion and ouncus 
•ion. In Bsynes' switch tlicr 
isftdeoptoniinemil, tlie aeating < 
oT which is lower than that of 
the onttr or main rail, the intention being that tbe tongne nil sbonld keep cltan the chair npon 
which it slides by pushing oS; beneath the ODtoi rail, any dirt or ballast which might aocumnbte 
there. It is nearly twenty yean ago since stMl was first introduced in the permanent way of 
railways. A rail with a welded upper surface of steel was laid down in the goods station of the 
Great Northern Railway at King's Oroas, to form the outer tail of a three-throw switch. Tlie steel 
■uibce was l^ in. in width by | in. deep.' It wss laid down at a spot where tho tmflic uns 
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heavy, and the reenlt was that after biz montha^ wear and tear the upper table of the rail for a length 
of 8*ft. was crushed down and splintered. This proves that the hardest material will aimer 
from the cutting action, and that rails will eyentnally be grooyed out in a similar manner. Befer- 
ring to Figs. 6204, 6205, it will be seen that if the tire of a wheel is worn hollow, it will, when 
mnning over a switch or a crossing, be actually lifted off the inner rail and carried on the adjoining 
rail, resting only upon the outer edge of the tire. It is just at this moment that the blow takes 
effect, which causes a lateral strain upon the wheel and channels or grooves out the mil along the 
path of the outer edge of the tire. It follows, therefore, Ihat when a wheel which has a worn tire 
passes over a new switch or crossing, it receives a severe blow on its outer edge, because the section 
of the tire is not adapted to that of the two new rails. On the other hand, when a new tire passes 
over an old worn switch or crossing, a similar result ensues, although the blow is then given by a 
different part of the tire. 

In Figs. 6206 to 6208 are shown one of Bansomes and Bapier's most improved form of switohes 




09OY. 



for the ordinary double-headed rail. The switch, or movable part of the lails^ 
oumprises the length included between the points A and A', and the heel of the 
switch at B, B', in Fig. 6206, in which the switch is set so as to shunt the train 
on to a pair of metals situated to the left of the rails GL 0', and A', B', supposing 
tiietnain to be advancing on the right of the figure. The tongues and stock rails 
may be of «aj length tluit may be desired. In Figa 6207, 6208, fire represented 
the details of ti&e «wiloh-boz, all of which are self-explanatory. When the tnflSc 
is light, the tonRues may be of steel and the stock rails of iron, which make a 
very durable and economical swUoIl The distanoe-rods can be arranged so as to 
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pass through both stook rails, and thus prevent the tongues lifting during the passage of the train. 
The connecting rods nearest the points can be made so as to enable the points to be padlodked 
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for iiDK'e-lieftded niila. The detnila of the lever uid ccnneetiag loda are ciTtn in FIk. 6217. and 
the cn»»-BoctionH ftud plims ftt the points iodii^ted by tlie eorreBpandine letten in Ftga. 6210 to 
G-Z16. The usual length of tlie stock rail ii 15 ft., and of the toDgue 12 ft., bnt other lengthi can 
be emplnycd as well. In this example tbe twitcb ie flBlied at the bcel inetead of resting on a heel- 
ohait aa in the former. A detail drawing of a tbree-tiirow awitoh, ofwhiob a genpral pitiu waa 
Bbown m Fig. 6203, ie iliown in Fin. 621S, 6219. It a suitable for lails of either ^e double-headed 
or the VigniW ihape, and is made either of iron or steel. Inatead of one junction with the m^ 
line, a couple are made by means of this switch. It is of great uae soinetimes for the man in obarge 
to know which way tbe switch ia Mt, which can be managed b; means of an indicator. 
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Ab compared wit;h an ordinary underground box, the following advantages belong to the 
example selected ; — 

Including the handle and switch-rod, the whole number of pieces is six, as against about fifty, 
and the liability to derangement ia in the same proportion. 

The handle pulls parallel with the road, and tnerefore takes up less room and is safer, and, 
together with weight, is so arranged that the pointsman can bring his whole weight on the 
switches, with the most perfect ease to himself. 

It is not liable to be deranged by frost, which is a fruitful source of accident in the cesspool 
boxes, and is very useful for shuntin*; purposes, as the handle can bo set so as to hold the switches 
either way, and if an engine or wagon runs out of the switches, they always recover close home to 
the side on which they were last placed by the pointsman. 

For goods yards and sorting sidings tliis is of very great value, as it enables one pointsman to 
manage several switch-handles with far less fatigue to himself, and also with much greater 
certainty* and consequent safety and saving of time in arranging trains. 

The disc balance-weight faces the driver, and the front and oack are painted red and white so 
aa to show which way the switches are set. 

Every switch-box is both right and left hand, by simply taking oat the bell-crank and turning 
it over. 

It is evident that the points, having been once set for the transit of an approaching train, the 
next step is to ensure their complete immovability during its passage. This has been accomplished 
by a variety of locking apparatus under the control of the signalman, which, however, is onlv one 
step removed, so far as safety is concerned, from the old plan, where the pointsman simply holds 
the lever until the train lias passed, when it springs back to its original position upon his quitting 
his hold, drawing the points with it. So long, therefore, us the immovability of the points during 
the transit of a train is at the option of the pointsman, any carelessness or negligence on his part 
might allow them to fail in performing this essential duty, and the result would be that some of 
the carriages firstly, and perhaps all ultimately, would leave the rails. Accidents have frequently 
occurred from the points oeing shifted before the whole train has passed over them. To prevent 
the possibility of contingencies of this nature, and to take out of the hands of the pointsman, all 
power to shire the pointo during the passage of a train over them, is the object of the follow- 
ing apparatus, illustrated in Figs. 6225 to 6227. The contrivance is the invention of Livesay 
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and Edwards. In Fig. 6225 Is represented a plan of the arrangement, which, so far as the 
point X, difSen in nothing from the ordinary plan of working switches. Both in the plan. 
Fig. 6225, and in the elevation. Fig. 6226, B is a flat bar of |-in. wrought iron,* held against 
the upoer side of the rail and flush with its top surface. A lever L, joined to the ordinary 
lever R at the point X, works isochronously with it, imparting a motion to tlie boirings A, 
and causing them to make a semi-revolution every time the switch is shifted. The result 
of their half turn is to move the bar backwards and forwards through a longitudinal space of 
4 in., raising it at the same time to a maximum height of 1 in. over the top of the rail. The 
train during its passage presses upon the upper edge of this bar vrith the same force as upon 
the rail, and since the points cannot be moved without at the same time moving the bar, and 
raising it during the motion an inch above the rail, it is manifest that their complete immovability 
is ensured, unless we suppose the pointsman endowed with sufficient strength to lift the bar, train 
and all. In Fig. 6225 the bar is shown attached to the bearer A, which is, in fact, a centre of 
motion, with the wheel resting upon it The weight of the train keeps the bar down, and virtually 
locks the point itself making all the arrangement self-acting. There is no necessity for the bar 
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being longer than what is sufficient to take two wheela, as shown in the elevation ; bnt it should 
never be less than- this, for it' a carriage were to tilt, and the pressure, consequently, taken off a 
couple, there would be none upon the rail or bar throughout its length, and theoretically the points 
might then be shifted, although it is doubtful whether in actual practice there would be time 
enough for accomplishing it even wilfully. Another advantage arising from this little piece ol 
mechanism is that it wDl altogether relieve the pointsman from all uncertainty respecting the 
passage of the train. He will have no occasion to consider whether the train has passed or not, 
for so soon as it Las passed he may reset the points, and he will not be able to do it before, eithez 
wittingly or unwittingly. Every precaution, even to superfluity, should be taken upon our rail- 
ways to ensure the impossibility of accident). 

Crossings. — These portions of the permanent way may be of cast iron, wrought iron, steel, ox 
chilled metal, and they may be laid according to one of two prinuipel methods. They may be laid on 
chairs differing only in size and slight details from those in use on the line, or they may consist of 
one large plate or sole-piece with the crossing rails attached to it. Figs. 6228 to 6230 represent 
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plan, elevation, and section of one of Ransomes and Biddell's chilled crossings, 
as introduced on the Great Western and other lines where the bridge rail is 
used. The hard wearing surface of these crossings is obtained by a mixture of 
irons of superior quality, which renders them very durable. They are bolted 
down to the sleepers, and their life, with about 800 trains running oyer them 
every day, is stated to be five years. A lighter description of this crossing is 
made for siding purposes, and for situations where the traffic is not so heavy. 
A similsff example is represented in Figs. 6231 to 6233, in which the rails are 
fished to the crossing through the web, instead of being bolted down through 
the flanges, as in the case of the bridge rail. This crossing is intended for a 
road laid with transverse sleepers. Figs. 6234 to 6238 show the other principal type of cross- 
ing, in which the crossing is laid on chairs fixed to transverse sleepers, and not on one continuous 

6231. 





6233. g 




_JBaR3S8SR^ 



f-A^--s^"'Q o=r 



■i M 1 



P^ 



O/ 



6234. 




6238. 



SnotimvBS, 



623S. 



= -/t«v. 



2606 



PEBMANENT WAY. 



aole-plate. This if the oroasing which ifl adopted on a large scale on the ijondun and North- 
Western Bailway. In Fig. 6237 is shown the end of the splice rail whidi is shaped down to a fisb- 
plate form, and thus a firm tSutening is obtained beyond tne point of the. Vy shown in elevation in 
Fig. 6235, and the two rails are securely held together. This croesing is reversible, and can be 
msule of either steel or iron rails. The rails are held partly by the under keys and partly by the 
jaws of the crossing chairs, as represented in Figs. 6236, 6238. 

A crossing differing somewhat in details from those already described is represented in 
Figs. 6239 to 6244. It ifl intended for the Yignoles' rail, and has a solid steel V and wings made 

E ^' 

A ^ 









6246. 




eaM. 



of steel rails, and poflseflses the advantage of 

considerable elasticity, being made entirely of 

wrought iron and steel. In the figures the 

chairs are shown of wrought iron, but cast-iron 

ones can be used if preferred. The rails are 

bolted to the crossing and fished as well, and 

the comparative shortness of the wings is a 

noticeable feature in the example. It is not 

often that one railway crosses another at right 

angles on the level, but there are iostancee in 

existence. To meet this contingency, one of 

Bansomes and Biddell's level crossings for main 

lines is shown in Figs. 6245 to 6247. It can be made to any angle, and certainly possesses the 

m!S.^^u^ mmphcity and cheapness. Fig. 6246 is an enlarged phm, showing the method of 

attaching the rails, and Fig. 6247 a section at a, o, in Fig. 6245. ^ *^ ' ^ 
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Bwitohee made after the otdinMrj type are oonstruoted of the rails forming the permanent way. 
In the case of bridge rails of the pattern laid down on the Great Western line, the top surface of 
the nul and part which fits against the stock rail are the parts bevelled off. When the rails are of 
the double I, or flat-footed section, the part of the upper flange not in contact with the stock rail is 
planed off, so as to bring it flush with the web at the point of the switch. The switch must be 
planed off gradually from the heel. In the examples giren of switches and crossings, it will be 
seen that the manner in which thev are connected, both with the rails of the pennanent way and 
the sleepen, depends upon the section of the rails and the character of the road, whether longi- 
tudinal or transrerse. Some sections of rails are very troublesome to fit a crossing to, and, in con* 




traffic, the life of an iron ndl is, according to circumstances, from ten to sixteen years. An iron 
crossing, with the surface neither steeled, chilled, nor hardened by any extraneous process, would, 
in the same position, not last as many months. It was probably the recognition of the value of 
steel in crossmgs, which led to the gradual adoption of it in other parts of the permanent way. 
Crossings^ being those portions of the road which suffered most seyerely from the effects of the 
traffic, were the first to benefit by the improved means taken to increase their durability and 
powers of reBistaQoeb which are now being extended to the whole permanent way. 

Fermanent Way m tks U£, — On some of the early examples of railways in the U.S. a peculiar 
description of permanent way was used, called the TrelUs, which deserves a brief notioe. It is 
shown in plan and oross-seotion in Figs. 62i8, 6249, and consists of planks or timbers a, 6, c, about 
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14 ft. 9 in. long, 8 in. in width, and S in. fn thickness, laid diagontilly on the centre line of the track, 
56 ft. apart from centre to oentre. These oblique pluiks are crossed by other timbers of the same 
dimensions, laid upon the former without notching, in Uie opposite direction, nearly at right angles 
with the first series. These planks intersect each other on uie centre line of the track, underneath 
the two longitudinal bearers and rails. The width of the trellis foundation is 10 ft. 8 in. when the 
gauge is 4 ft. 8} in. The intersection of the timbers is secured bya couple of stout wooden pins 
&, &, driven obliquely and nearly at right angles to each other. The longitudinal bearers L are 
20 It in lenffth, 8 in. wide, and 5 in. thick. The chair used is shown in F^ 6250 to 6252. It is 
of slightly different form, according to the section of rail it has to receive. It consists of a fiat 
plate of rolled iron, see Fig. 6252, from 4 in. to f in. in thickness, and has four cuts iW, •', •', made in 
it, and also two holes at c to receive the Dolts for securing the chair on the trellis. The four wings 
I, K, and J, H, are bent up while hot, so as to embrace the base or middle of the T ^^ to support 
ii as in Fig. 6251 or as in Fig. 6250, if the bridge mil is used. The bed of the chair is let into the 
upper of the diagonal timbers, so that the rail may bear continuously on the timber, and the whole 
is secured by a pair of {-in. screw-bolts. The chairs made for the Baltimore aiiid Susquehanna 
Railway were 5 in. wide. } in. thick, and weighed on the average 5*82 lbs. each. The miadle part 
for the Dolt-holes was 8 in. long and 2 in. wide, and the bent-wings J, H, I, K, which dip the rails, 
were each 1| in', in width. 

There have been a few modifications of the system shown in Figs. 6248 to 6252. The rail-bearers 
in one, instead of resting directly on the diagonal timbers, have been placed on transoms extend- 
ing right across the track. In others, the diagonal timbers have been increased in number, 
and placed closer together, so as to form more of a cradle foundation. The quantity of timber 
required in a road of this description, would altogether preclude its adoption in any country 
but one which possessed large primeval forests. Moreorer, the nacking of so many sleepers, 
for all the diagonal timbers may be considered in that light, would be very troublesome; ana 
it is doubtftil whether, with the greatest care, a road of that kind would ever be kept in the 
same condition in which the lines are maintained in this country. The use of the diagonal 
sleepers, as ties to keep the track in gauge, is not attended with the success which might be 
anticipated. Diagonal ties haye been tried in England and elsewhere and found wanting. 
Wliere timber is plentiful and the ground very sloppy and bad, the trellis foundation may m 
temporarily used with advantage, and the larger the timbers the better. It is, however, 
entirely unsuited to a finished road or to the requirements of a heavy and fast traffia 

The fiat tie-bar rail was originally used on the railways in the States, and was supeneded 
by the foot rail with a broad foot or base, to be fixed to either longitudinal or transvene 
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■Isepen. It ma bolted down to them through holes in the foot, and was ganerally known ea 
the BtepbeiuoD knd Vignoles' nil. This rail, fastened down with ipikea, wm esteDBivelj 
employi^ idthougli it waa tlia aooroe of numeiouB accidenta. At pieseut the MUgle-beeded 
rail, with a brood flange to pcGTent the wooden aleepet being cut into by the nil, ia the 
faioarite one in Amerioa. The joints are aecnn-d either b; the ordiaar; fisli-platea, or on the 
principle of the bmoket-joint already deacribed. Although aleel raila are bat coming into uhc 
la the Statea, the above aection of rail ia still adhered lo pretty generally. The material ia 
changed, but the form remains the aame. The weight ia increaaed in moat inatancea. In 
Canalh^ on the Great Weatem line, the aingle-headed rail ia alao uaed; but on- the Grand 
Trunk the preference u given to the bridge aectioa, wliich ia not laid aooordiiig to Brunei'* 
ayati-m on longitudinal alcopers, but on oroaa aleepera. Opiniona of engineera diner reapecting 
the relative merits of those two methoda of laying dowu the bridge aection of rail. 

-Krvjliih Permanmt IVni/. — With a few exceptiooa, the tranaverse road and the double-heDded rail 
may be regarded as the standard type of permanent way in England. Tbia road ia not the result 
of any undue preference or prejudice, but ia that which eiperienoe haa proved to ba best adapted 
for the eiceptionally heavy truffio, and very high speeds which prevail on the great main Itnea. 
There ia aoaroiilya railway in tlie aiuntry njion which eiparimenta have not been made with 
nearly every description of permanent way, which has been deaoribed in our present article, which 
offereil any promise of auccesa. Aa an eiample, aaay miles on the Qreat Northern Railway were 
laid with Qat-bottoin raila upon longitudinal sloepers. and after beiug in work for twelve yeera, they 
had to be tahen up. In exaftly a similar situation, the double-hesdtd rail lasted I'ighteen years 
It muat nnt be auppoEied from this that the Oat-bottom rail laid on longitudinal sleepers wUI not 
make a good road. On the oontrary. it makes a good and cheap road for light traiHa. 

No bettLT idea can be formed of the increase in tlie scanlliugs and weight of the various perta 
of the permanent way in tbia country, than by comparing the original road of the Qreat Northern 
line, with that in preaent nae. Afthougb we have aelected thia line for the sake of illustration, 
the aame change haa taken place in all others. The road is now, and alwaya was. a transverse one, 
with a double-ueadod rail. The original mils weighed 72 lbs. to the yard, and were in lengths 
of 18 ft. There were two deacriptions of chairs— joint and intermediate. The former wtighud 
40 Ibi. each, and the latter 21 lbs., and were seemed to triangular aleepera 13 in. x 6} in. Subae- 

![nently the joint-cbairs were replriced by Adams' joint-bracket chairs, which, however, were nut 
oand to answer, and Qah-plates were substituted for them universally. Now, let ua compare this 
vrith the present road. While the same form of rail ia retained, tlie weight ia inrreiiaed to 82 lbs. 
to the yard, the length to 21 ft. ; and tlie cbaira, which are only iDlermcdiiite. are 35 lbs. iiiatead of 
21 llis. They are flxad to the sleepera by a couple of spikes and a treenail. The hah-plates weigh 
25 lbs. the pair, tjo Car as the sleepeis are oonoemed, the preeent are rectangnlar in ahape, with a 
Boantling of 10 in. x 5 in., instead of triangular, 13 in. x 6} in.; so that the abaohito aectionnl 
area of each sleeper ia diminislied in the proportion of 50 to 81 ' 5. But to counter balance llija, the 
present sleepers are placed mut-h closer together, being 2 ft. 8} in. apart from oentre to oentre, and 
only 2 Ft. apart at the jo nts. Thia is as near an approximation to a olose-pUnbcd road as the 
apacea required between the aleepera for packing will permit of. 

Permarmt Wag af iAe Sorth London Aoifieoy.— In Figs. 62S3, 6254, Is one of the most modem 
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at the tail and flsh-plutes a 

the joint. The sleepera are 

reotangolar in shape, 9 ft. 

long X 10 iu. wide x 5 in. 

de«i. They a 

and placed at regular ii 

vals of 2 ft. 7} in. apart from ' 

centre to centre, thus conali- 

tnting a very closely - laid 

road. The ehkira are of cast 

iron, weighing 42 Iba. each, 

and are secured to the sleepers 

by one spike 1 in. in diameter 

•nd two trecDails 1^ iu. in diameter- The rails are of ateel, of the double-headed section, 21 ft. in 

len^, 5} in. in total height, and weighing 80 lbs. to the yard, and are fastened to the chairs by the 

ordiQMy oompressed wooden keys. The joints vre on the suspended principle, and are aeculcd by 
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K p^i' of fl«b-p]ktea^ 2 ft. in lenKtb tnd four bolt* { in. in diuneter, two on eaoli ride of the joint, 
wftli faolM 1 in. in di&meter. On Tefflrring to Pig. G294, it irill be seen that the fiBh-plateB are 
mude witli a hollow at the middle, on the side next the rail, and in fart da not in an; diiection 
press agafiiBt the web of tbo rail, but teke their bearing eiclosivelj on tha upper aud lower be«da, 
which a their proper poaitlun. 

The chairs ou ttila lino are hiav; in cnmpariBon with thuso of otlier linular roods, even after 
allowing for the increased weight of the rail. But. as a rule, chairs aia lighter tLim tliey ought (o 
be, from foJse ideas of eoonom; on the part of railway nimpaDies. 

la the Peravment Way of the Metropolitan DistrKt Bailieay, Ibe rail ia of the single-headed 
form, of steel, and weighs ^ Iba, to the J'anl. The joints are made by fioh-plates, each pair of 
which, with its bolts, weighs 25 lbs. There are two fang-bolts Id each ideeper, weighing complete 
5 lbs. Tbe alecpera are creoaoted 9 fL x 5 ft. 11 in., and weigh oaoh 1 owt. IT lbs. 

Contimntal PermanenI H'a^. — With tbe exception of tha single-headed rail being preferred (o tbe 
donble-beaded, the roads on the Conliiient are merely imilatious, and soiuetimi s very inferior imita- 
tions, of the EngliKh. On tlia Prussian railways the general type of permanent way I'ODBists of - 
• TignoW rail, weighing 62 ll». to the yard, laid upun ctobs sleepers, to which they bi« 
spiked, the Joints being secured with fish-plates. On tbe lines in Norway and Denmark, upon 
which tbe bridge rail ia used, it weighs 60 llis. to the yard, and tbe loni^tudinal eleopers npou 
which It rests are Itid upon oross sleepera. Tiie rails are connectud at the joinle bv jaint-platec. 
TliiB plan was previously intrcduted on tbe Wakefield line, where the road was laid with bridge 
rails, weighing 79 lbs. to Ihe jaxd, upon longitudinal sleepers, which were fastened to cross steppers 
placed under tbe joints. The rails were riveted to the joiut-plates with rivets j in. in diamet^. a 

Eton which experlenou afterwards proved to completely Atil. Tl.e preference given to tha single- 
eaded rail in Freuoe, and elsewhere on the Coutineat, is probably <liie to the fact that thu traffio 
is not of so heavy a desoriptiOTi. either in actual weight or wear and tear, as in Bngland. Hence a 
lighter and cheaper permanent way will auBWer all porposes. There is, however, similarly, a 
dwidwl tendeney to inorease tbe weight of thi rails laid down on tha receDtly-constracti d Uon- 
Uneotal railways. Aa tbe looomotives become besTier, so must ibu losd be modified to suit them. 

One of the moat prominent permanent wuys on the Continent is that laid on the Semmering 
Inoliue, which deserves a brief notioe. 

Senunering Siiilwag. — The permanent way laid down on tbe Hemmering Hailway, althougli tl« 
line is only 25^ miles in length, is oni. of the most remarkable instsnoes existing of a combination 
of henvy gradients, with sharp curves. Th^ itsd consiats of fiat-based rails, weighing from 64 to 
761t)a. to tbe yard, resting on cnisa sleepers, wiiioh are spaced S ft. 1^ in. apart from centre to centra. 
These ciom tleepera are again supported by toogltudinal timbers, into which they are lot. and held 
flnnly in their plaoe bv smalt angular brackets. The rails are 4j In. in depth, end have a similar 
width of base, with a head 2J in broad and a thickness of f J in for tLe central web. Tbe usual 
'"rtb of the rails ii IS ft. 8 in. Tbe joints are made fast by Gbh. plates with four screw-bolts, aud 

lemeath are placed wrought-iron cliair-platea to prevent the working of the ends of tbe rails into 

_• A simLlar plate, but of smaller dimenaioDB, is interposed tietween the base of tlie rail 

a at ecMdl of the intermediate baare: ' "" ■ ■ - ■ _..«.._- — ...■__ i 

6^ in. in thickness, and the intennediate sleepers ai 






and the timber at ccmJi of the intermediate bearer*. The joint-sleepers ara 12| in. in width 

9 in. X 61 in. wide. Tlie wear and tear on this 

good ballaitfng. 

The flat-footed rails, on the Oonttnent generally, are fastened tc , ^ - 

spikea, whiob clip round tbe foot of the rau, bnt make no boles in it, as is Irt-quently the a ._ 

other lines upon which this rail is used. There U a stnill delall alio peculiar to tbe fish-plates, 
wliieh are hollowed on the side next tha rail in the usual manner. But, in addition, there are a 
couple of small projections on the outside, at the bolt- halo, which ter*e to bold tlie bead of the bolt 
firmly in its place. Tbe chief Kamm wbj a lighter rail can be used on the lines abroad, is not so 
mnch on acconnt of any difference In the aotnu weight of tiie tiafflo running over then, but becanae 
tbe speed is very much less. A oommoo load upon one driving wheelis about 6^ tone. 

Irak Permannt Way. — Tbo description of permanent way, adopted on tbe majority of the Irish 
lines, 1« dne to John HacneiL Tho rail is of the bridge form, shown in Fig. 625S. and weigh* 83 lb*. 
to the yard nm, and pre- 
sent* *oc[ke*lightdifforenoe w, Baa^ ^_^ 

in It* shape from other* of «^^^)> ' iffTl ■ jP™ 

tbe tame type, snob as those ^^^^k ^mX-^ 

naed on the Great Weateni 

BaUway. It ta 3} in. In 

helglit, and &| in. broad at 

the base. The thickness of 

the head is 1 in., and the 

qaaoe between the Inner 

edges at the bottom Is also 

lin. Eig. 6253 show* that 

the exterior nde* ore closer 

togetbcB' at the bottom than 

at the top, tbo* forming a 

kindofdovelaa Thispar- 

Uoolai shape cannot be 

Imparted to the rail at the 

time it i* rolled, bnt is given to it by passing the rail on edge between a pair of jaws, by irhloh tt 

is compressed into that form as in Fig. 6256. Contrary to the general praotic«L the rail is laid on 

tniuTene sle^wr^ shown In plan and elevation in Figs. €237, 6256. At tbe joint*, the sleeper* 
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are half balks of red pine. 12 in. X 6 in., bnt the intermediate sleeperB are either of larch or Memel, 
and measnre at the ramllest end not leas than 8 in. x 4 in. The points are made by chairs, shown 
in Fig. 6259, of rolled iron, 12 in. long by 6 in. wide and | in. m thickness, and having in the 
central part a ridge 1 in. in thickness and If in. in height, rolled as 
accurately as possible to fit the hollow of the rail. In laying the joints, 
each end. of the rails is passed over the ridge, and a good blow or two 
with the hammer makes all secure. To attach the rail and chair to the 
joint-sleeper, at one end of each rail a bolt f in. in diameter passes 
through each flange of the rail, and also right through the chair and 
sleeper. It is then fastened by a nut of a triangular shape of wrought 
iron ^ in. in thickness. The ends of this nut are turned up, as in 
Figs. 6260, 6261, so that when the bolt is screwed up from above, they 
are foit»d into the timber and hold immovably. In order to allow for 
expansion, one end of each rail is not rigidly fixed to the chair, but is 
fixed in such a manner as will allow it to slide backwards and forwards 
on the chair and sleeper. It is prevented from moving in a vertical and lateral direction by a dip- 
bolt, shown in Fig. 6260, which is driven on the outer edge of the chair and flange of the rau. 
Ordinary spikes, roughly pointed, see Figs. 6262, 6263, are used for attaching the rails to the inter- 
mediate sleepers. 

In addition to the spikes a bed is cut in the sleepers to fit the raU. The chairs are placed only 
at the joints. In Fig. 6264 is shown the position of the cutter when cutting the bed in the sleepers. 
Its spindle is placed at a slight angle with the vertical in order to give the proper inclination to the 
bed to correspond to the conical tire of the wheel. The intervaLs between the sleepers, which are 
not equal, are shown in Fig. 6257. The advantages claimed for this description of road are that it 
cannot get out of gause ; that the expense is savd of renewing and tightening up keys, and that 
it is a very easilv packed road. The total weight of the wrougnt-iron lastenings to each rail, 15 ft 
in length, is 41 ibe., of which the joint-chair weighs 16 lbs. The fastenings on this road, like all 
others, are liable to be loosened by vibration. The pins and triangular-spiked plates were used on 
the Great Western Bailway, but it was found that the coach screws used for fastening down the 
rails would not hold by reason of losing their thread. The principle of the bridge rail laid upon 
transverse slsepers, has been pronounced by many engineers to be unsound in ooth theory and 
practice. A single line of rails, weighing 80 lbs to the yard, of that description of permanent way 
was laid on the Brighton and Chichester Bailway, but subseouently abandoned for another in 
which double I rails weighing 75 lbs. a yard, and cast-iron cnairs of 24 lbs. and 28 lbs., were 
employed. 



Tablb III. — Showino Details of thb Diffebknt Permanent Wats in Use upon the 

Principal Bailwats in England and Abroad. 



Name of Rail way. 



Diwripiion 
ofKoad. 



OrefttWeitera 

London and North- Western 

Midland 

Great Northern 

South- Western 

North London 

Metropolitan Dlatrict. . . . 
London, Ctuitbain,and Do^er 

South-Eaatem 

Liindon, Brighton, and ) 
South Obaat .. .. 5 

Great Eastern 

Bomboj and Baroda . . . . 

Madras 

Great Indian Peninsular .. 
Scliide and Pu^Janb . . . . 
Eust Indian 

Egyptian 

Norwegian 

Rio de Janeiro 

Lisbon and Santarem 
Santiago and Valparaiso . . 

Festiniag 

San F^andsoo 

Continental Lines . . . . 
Australian Lines . . . . 

American, U.S. 

flinaillan Lines 

Irish Lines 

Mauritius 



longitudinal 
transvene 



n 



■I 

n 

■1 



I* 

M 
M 

.n 
•t 



Sleepers. 



timber 



n 



•* 

H 
M 



I* 

W 
M 
II 



Grcavea' 

sleepers, 

80 lbs. each. 

timber 

Oreavei^ 

deepers, 

80 lbs. each. 

timber 



•i 

n 
it 

m 

H 
ft 

M 



Chairs. 


JointL 


Section of Bail. 


Wels^t of 

BaU^lba 

a yard. 


Weight of 

diairaln 

lbs. 


none 
ca»tiron 


chain 
fish-plates 


bridge 
double I 


16 

80 


• • 


« • 

M 

none 


M 

n 

m 
. . 


• ■ 

n 
w 

single^Leaded 


. . 

82 
76 
80 

« • 


36 

• • 

4*J 


• • 

csstiron 


ti 


• • 

double I 


• • 

t6 


28-^ 


II 

M 

n 

f 


. . 

M 

W 

w 

H 

M 


fi 

M 

m 
II 
II 


• ■ 

SB 

83 
66-84 
66-84 
7a-84 


« • 

• • 

21 

• • 

22 
22-26 


" 


. • 


• • 


• • 


. • 


none 


If 


Vignoles 


8Y-40 


• • 


\ ■• 


• . 


double! 


65 


• . 


cast Iron 

none 
cast iron 

none 


chairs 

• e 

fish-plates 


single-headed 
•1 

donbleThesded 
single-headed 


60 
84 

SO 

fa-80 

64-f6 


20-30 

I(M3 

24-39 

none 


• • 


. • 


• • 


. ■ 




« • 


a • 


• • 


• ■ 




• • 

wrought iron 


chairs 


bridjBe 


• • 
83 




s • 


. • 


• « 


■ • 





It is worth noting that a rail which dispenses with cast-iron chairs, and is fastened directly to 
the sleepers, possesses some advantages which deserye attention. But the same, and prohably, 
superior advantages can be obtained by the employment of the siugle-headed, flat-footed rail, such 
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u U awd on the Continent. Of all the IbrmB of roila, the bridge Motion is that which is the moat 
Beldom laid down on new railwafB, and nt no distant date will probabl; be abandoned. Other 
eectiooB are nied in Ireland, aa described nnder the seotioa Baiia ia the present artiole, bnt the 
bridge ia tiie diBtinguiHhing tjpe of rail laid down. As a ptoof of Uie great iDoieue in the 
weight of raila, it maybe mentioned that the permanent way of the Dublin and Kingstown line ma 
origioallj laid with raili weighing 42 Iba. to Uie jatd, sod Oied in the primitive fastiiixk to aqiiara 
blacks of granite. 

In TaUe III. aie given the princiDsl feetnres of the more important permanent my* in nse at 
borne and abioad. It is not to be undeistood that other deaoriptiana of roads are not occasioniillj 
employed, but those given in the Table represent the most general typea. 

Larmmjat System of Ptrmantnt Way. — This deeoription of load, which is of a pecnliar and novel 
oonatmction, baa been very reomtly BOOcessfiill; introdnoed in Portngal. In general pritidple, it 




a plan of the way Is ahown. The longitiidiDal planka, oi wooden raili, are laid apart at fai- 
tervalaof 6 ft npon croas steepen ; the central rail, which ii of iron, ia snpported on these ctom 
■letneM, aad ako upon ihort tntenMdiale onaa, plaoed kalf-way between the longer onea, lo •■ t» 

e B a 
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•ffind a bearing of 8 ft, meoBiirad from centre to centre. The muge tioia the oentrea of the longl- 
todiiikl planka Ii 1 ft. 2 Id. Tbe plaoka are 9 in. xljit^ and AaoroasBleepere eiu. x Sin. x 6ft 
in length from out to oat. A croes-iection of half the rood is shown in Fig. 6266, in which ia •eeo 
tho driving or traction wheel of the engine, and the oential wheel. The longitudinal [danka an 
attaohed to the croos sleepers by small angle-iron braokeU and four wood acrewa, as in Fig. 6267. 
The manner of secariog the central (ail to the ctohs aleepora ia shown in Fig. (1266. The top of the 
Tail is maintained nearly half aa inch above the longitudinal planks, bj a packing etnip, 
12 in. X 6 in. X I ill, shown in Figs. 6267, 626B, and U double-epikt-d on sharp cnires. Fig. 6269 
repreaenla a section of the tiro of the driving wheel, which ia 1 ft. 2 in. in breadth, and I^ ia. in 
tmckneM, and projects over the edges of the longitudinal planks. The object of thin is to prevent 
the wheel being i^ected b; an; tnfling sinking of the plHiiks. An elevation of the mil joint ia 
shown in Fig. 6270 and a section in Fig. 6271, which explain themselves. A croaa.«ertion of the 
rail at tlie joint ia given in Fig. 6272, eEoning the flah-platea, and the mode of avcnring the rails 
to the steeper bj i£>^-headed spikes. All the bolts in the raila have Whit worth standard threads, 
and the nuts do not m an; oaso eioeed i in. over small diameter. 

ZigM Satticayi. — As a good type of light railways, or lines intended to act aa feeders to main 
routes, and also as well adapted for coun&ies which have not onnmitted themselves to any standard 
gange, the Korwegian lines may be mentioned. The permanent way upon these lines conaiats of 
flat-bottomed tails weighing &om 37 lbs. to 40 lbs. to the yard, fished at every 21 ft. with plates 



u length, and teciired by dog-spikes only to tranavetse sleepers 2 ft. 6 in. apart fhim o< 
m centre. No fang-bolls or joint-plates are employed. The aleepera, which are of 
6 ft. 6 in. long X 9 in. X 4} in. in section, nncreoeoted and half ronnd, laid with t! 



a increase the besrinf; of the rail to 5 in. An inward cant of 1 in 20 is 
given 10 the rail. In Fig, 6273 is represented a oroas-aectiun at the joint of the rail and fsstening 
nsad on the light railway from Anonom to Conjeveran in the Madras Preaidenoy. The rau 
weigh! 36} Iba. to the ^ard. It is properly flahed and seonied by dog-spikes to trBUAvene tesk 
lieepen apooed 2 fl. 6 m. apart ban oeatre to centre. 



good eiamplee of modem light railways. They have a gange d 
way adopted is shown in Figa. 6274 to 6276. Fig. 6274 shows 
275, the chair for curves of the ordinary radii, and the mode of 



The Queensland railways ai ^ 
8 ft. 6 in., and the permanent way 

the section at the joint; Fig. 6275, the chair for curves of the ordinary r 
fostening; and Pig. 6276, the chair and guard rail adopted for curves of the small radius of 6 chains. 
The road consists o( flat-bottomed rail^ weighing 40 lbs. to the yard, of a general length of 20 ft. 
The rails are laid vertically, flshed with Adams' brockot-pbites. and secured at the joints by fang- 
bolts, and elsewhere by dcg-apikee to transverse rectangular sleepers, laid 2 (1. 6 m. apart &om 
oentre to centre. In India, and cnuntrtes which are destitute at present of all railway aocomnH)da- 
tion, there ia a large field for lines of a lighter description than those so common wiUi as. 'While 
there is room for discnssion, respecting the advisability of adopting light railways in oountrjes 
which are already committed to a standard gauge, there cannot be the slighti st doubt with 
respect to the benefits which will ensne from their introduction in onr oolonies and ooontriea whose 
Internal resources are hitherto undeveloped. 

Qriffin't PermaneHl Wny.—The inventor ef this nstem claims for it many advantages. He 
states that the Qriffln rail, aa rcprttented in Figt. 6277, 6278, ia designed to econoiniEe metal, and 
in proportion to its wearing snrface, to afford sneh vertical strength aa will ensure b^ tho distribo- 
tfon of tho strains upon it ever a large surface the least poBsible injury to its timber support. 
Neither vertical. stiflbea nor weight ia sacrificed in tliis form of rail, wnich, with its deep solid 
head, without overhanging, and its thin girder web, is so firmly held in its enclosed position by its 
bateolng, that any twdmcy to turn or bookie ia pnTenled. Not considering the additional 
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itrength giTen to ths rail by ila deep web, the brad bIodb it wider and stnmgeT than that of the 
Great Weetem Railway : beMiue, wliiUt the great weiffhta paaeiag over the Utter taod to open It, 
and pRfli the bateninga ont of pliioe, the foimer i« solid, and witboat that tendenoy. 






With the oidinar; donblo-lieaded ta Yignole^ raQ, GHCSn takes two pleoea of timber 2 or 8 (L 
kng, from 5 to 12 in. wide, and from S to 6 in. thiek, or platea of wronght iron, called olipi^ 
■tatnped into the (brnu ibowu in Figi. 6279 to 6283, whiob bare jawa rivet^ to reoelTs the riil, 



■d br 3 lu., deoreadng the atmin and lereiage. 

d with the ordinary ayatem can be reduced cosdderablr, u It 

rt beuinga and comparatiTely eluUe bed prerent onttuig sod 



The niil ii tightened down upon the bed, wbioh is atamped upon the cup& aa in Figa. 6284 to 
6288, by an oooentria bolt By leagthsning the Jawa to the full feugtb. Fig. 6283, and naing two 
inalead of : ,e I>olt, a Iboroogh joint ia aeoured. 

Thia method ia shown in plan in Fig. e2S7. It will be aeen that the height of the nil btaa 
the baae of the aleeper ia here redaoi'd by 3 lu., daoreadng the atrain and lererage. 

The weight of rail uaed oom pared w'"^ "^ " ' >-- — >_. i _._ 

hai man dinct iupport, and 

dlatren to the fibre of tin ir 

Hie ileepera are Independent ol oliiuBtio infloenoe, more dirrot bearing ia obtaioed ; and ao long 
•• it la abtmg, Umber of almoat any qnalitT, ahai«,or aixe, may be naed, aa in Figs. 6268, 6288. By 
withdrawing a bolt foy ■leeper can be replaced in a few momenta. 

The olipa. Figs. 6279 to 6283, ue of a common deearlptton of rolled iron, and are eaaily made. 
They eorer more anrfooa than a chair, and oblige the deepen to bed fairly nnder aome of their 
loadi. 

The faatenlnea ate of a strong and durable deaorlption, and have little atrain to anpport, as thii 
la aostained by the aleeper. 

The fllllng-pleoea may be of oompreaed wood or of iron, Figa. 6284 to 6286, and are made to fli 
withont drifbig. The wnmght-iroD jawa, when aorewed together, by the eoot-atrio bolta paMln)) 
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^e Kaoge Ii always kept tme by the ti»-I»r, more especUly at tlie jojnb, whioh are as strong 
SB Buy otbei portian of the rottd. The fall-sUed clips avenge but 16 lbs., and flsh-platcs are 
dispensed idtn altogether. 
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6290. 



6291. 



.-•'•• 





The deepen are a combiiiation of the longritudmal and transverae systems, and whilst the 
advantagf 8 of a longitadinal deeper are secured, those in the transverse system are also preserved. 

A chuBS of timber may be used, which is now useless, for permanent way purposes, and oak, or 
other hard woods, suitable for making the best and most duiable roads, can bie bought of such 
small sizes as are necessary. ^ 

Sawing and boring the timber is all the work necessary to convert it into a sleeper ; and the 
sizes required are so small as to allow of it being readily procurable in mauy situations wliere 
ordinary sleepers cannot be obtained. 

The fastenings are either eccentric or concentric bolts, Figs. 6277, 6278, the screwing forward of 
which tighten the rails upon the sleepers. They are comparatively very large in size, of one uniform 
kind, and though they can be removed in a few minutes, flnnly secure the rails and sleepers 
together. 

The nut of each fiBUBtcnins:, Figs. 6290, 6291, locks itself, and cannot work loose. This is effected 
by having the collars upon the nuts, which pass through 
the jaws, flattened very slightly on two opposite sides, 
and the hole through the angle-iron, or jaws* punched 
with a corresponding flatness at the top. When the rail 
is tightened down upon the sleeper, and has a strong 
tendency to rise, half a turn of the nut brings the two 
flattened surfiices together. 

The tie, or gauge-bara, are of any desired section of 
y girder, angle, or cbannel iron, or old worn-out rails, 
adapted as in the plan on side view. Figs. 6284 to G286. 
Any desired strength can be given, and they form a nart 
of the permanent foundation, which is all designea so 
that they can be pkiced as near or as fiir apart as found necessary. The same jaws and bolts being 
used upon them as upon other parts of the foundation, not only admit of this, but at the same 
time make them availsble for holding down, tightening the rail upon the sleeper, and adjusting 
the exact gauge of the line. 

Some sections are better adapted for this purpose than others, but as a general principle the 
heavier sections are the most durable. 

Any section of T iron is applicable for foundation and timber support ; but Y ^^n being twice 
the cost of worn-out rails, a more substantial line can be made with the latter, for the same cost as 
shown in Fig. 6284 to 6286. 

There is evidently no saving in simplicity in this road, as the component parts are very 
numerous ; and it is questionable whether the saving in the length of the sleepers will prove of tlie 
importance anticipated. 

Concluding Remarks, — The question will naturallv present itself, what is the limit at which the 
increase of weight in the locomotive and general traffic, and consequently the corresponding 
increase in the weight of rails, and details of the permanent way. will stop r It is clear that it 
must stop somewhere. The probability is that the TnATtmnm weignt of the rails wUl never mudi 
exceed 85 lbs., even should the weight of the engines be still further augmented. The result of 
any further increase in this particular would be, not to put more weight upon any one or any pair 
of wheels, but to distribute it more uniformly, so that it would not tell so severely upon the road. 
It is the terrific pounding of driving wheels of large diameter, running at very high speeds, 
which is so destructive to the rails and permanent way generally. The manner in whicn the 
weight is distributed makes tiie real distinction between a heavy and a comparativelv light traffic, 
and not the actual amount of the weight itself. This is one reason which causes the permanent 
way on the Continent to be of a lighter description than in this country. It is not that the loads 
are not so heavy as ours, but the weight is more uniformly distributed, and, in addition, they 
are not conveyed at so high a speed, which is an equally, if not more important consideration. 
Looking at the question in all its bearing^ and judging from the past, we are strongly of opinion 
that the future permanent way in this country will, with some few exceptions, consist of the 
transverse-sleeper road, with sleepers laid as closely together as the spaces necessary for packing 
will allow. Tnese will carry a double-headed steel rail weighing not less than 82 lbs. to the yard, 
fixed in cast-iron chairs, with compressed wooden key]s, and fish-jointed. It will be time enough 
to turn attention to a road altogether of iron, when it is no longer possible to obtain timber for tne 
sleepers, if that day should ever arriva 

Books on Permanent Way ;~Wood (N.), * Practical Treatise on Baihroads,' 8vo, 1838. Borden 
(8.), < Useftd FormuliB for Railroads,' 8vo, 1851. Dempeey (G. D.), ' Practical Railway Engineer,' 
4to, 1856. ' BaUway Practice,' by S. G. Brees, 4 vols. 4to, 1859. Cotton (C. P.), ' Railway 
Engineering in Ireland,' crown 8vo, 1861. HaskoU (W. D.), * Railway Construction,' 4 vols, royal 
8vo, 1864. HoUey (A. L.), * American and European Railway Practice,' folio, 1861. Perdonnet 
et Polonoean, * Portefeuille de Tlng^nieur des Chemins de Fer,' 6 vols. 8vo, and 2 vols. 4to, 1861-1866. 
Goschler (C), * Traits pratique de I'Entretien et de TExploitation des Chemins de Fer, 4 vols. 8vo, 
1868-1872. Von Waldegg (£. H.). * Hondbuch fiir speciello Eisenbahn-Technilk,' 5 vols, royal 8vo^ 
Leipzig. 1869-1872. Vose (G. L.). * Railway Engineering,' 8vo and folio. New York, 1873. See also 
numerous papers in the * Minutes of the Institution of Civil Engineers,' and the ' Annales dee 
Ponts et Cnaus sees.' 

PERSIAN WHEEL. Fr., Bom peraanns; Gbb., ScKSpfrad; Ital., Rw>U persiana; Span., 
Nona, 

See Meohanioal MoTEimrra, Fig. 5791. 

PET COCK. Fb., Robuwt da cylmdre; Geb., Was$$rablas$hahn ; Ital., Chiavetta eb' prwa; 
Span., Llave de comprobacion, 

A pet oock is a cock placed in the delivery-pipe of a pump to show if it is working. 
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PICK. Fr., Pk; Gbb., Keilhaue; Ital., Piocone; Span., Pico. 

A pick is an iron tool into which is inserted a wood handle ; it is nsed for looflening and bfeak- 
ing-up hard earth, ground, stones, and so on. 

See Hakd-Tooi^. 

PICKER. Fb., Epmceur; Geb., Nopper; Ital., Diavolo; Span., Etcardador. 

Any machine for picking fibrous materials to pieces is termed, in mechanics, a picker, as a wool> 
picker, a rag-picker. 

PIERS. Fb., Jet^e^ M6k ; Geb., Bafendcanm, Hofi ; Ital., Calata, Moio ; Span., AfueUes, 

Piers are masses of stonework or moled projecting into the sea, for breaking the force of the 
waves and makmg a safe harbour. Also, any proj(icting wharf or landing-place is termed a pier. 
Architecturally, piers are masses of solid stonework for supporting an arch, or the timbers of a 
bridge or other buildiog. 

See CoNffTBroTioN. Docks. Habboubs. Piles. Retaining Walls. 

PILE-DRIVER. Fb., Sonnette; Geb., Bamme, Bamm-maschine ; Ital., Bertacapra; Span., 
Machina. 

Piles and Pile-driving. — The nature of the ground, the thickness of the yarioiis layers or small 
strata, and the depth of the firm ground ultimately arrived at, are the pomta to which attention 
should principally be directed in getting in pile roundations. There are two metliods of piling 
generally used. The one, and the more ancient, consists in simply forcing down timber piles by 
repeated blows of an iron block called a monkey ; the other, which is but of recent origin, consists 
in screwing iron piles into the earth by imparting a rotary motion to them by means of levers, 
which may be arranged in a variety of ways. Both of these methods are valuable and reliable 
under certain circumstances, but there are objections to their universal employment which we shall 
examine. 

The object to be attained, in driving down a series or row of piles, upon which to erect a pier 
or abutment, is to replace a naturally loose, movable foundation by an artificial one, based upon a 
firm support^ and upon which the superstructure will rest. It is therefore of the greatest importance 
that this artificial foundation should be immovably fixed, and that every individual member of it — 
that is, every separate pile— should penetrate into the solid ground. This last condition, which is 
the most essential, is one that is frequently not fulfilled. In driving a pile, for example, through 
soft muddy earth, it goes down at first with considerable velocity, the effect of each blow being 
distinctly visible. After a short time the rapidity of descent diminishes more and more, until 
apparently no effect follows the succeeding blows, and at last the pile refuses to go down any 
farther. At this point it is commonly supposed that the pile is driven far enough, and that solid 
ground is reached. Often this assumption is false, and serious results have ^ppeued from an 
ignorance of the error. Although the further descent of the pile may be arrested, it does not 
necessarily follow that a solid foundation is reached; for when a pile is of great length, the lateral 
pressure of the surrounding strata in the yidnity of the point is very great. This pressure grips 
the point and sides of the pile like a vice, tmd by imparting an apparent immovability to it, pro- 
duces the same effect as if it had really reached an impenetrable stratum. From Fig. 6292 it is 
clear the pile might be wedged up and retained immovable, although there 
was nothing beneath it, the surrounding lateral pressure having once reached 
a certain amount being sutticient to keep it fixed. The same cause gives rise 
to the vibrations, which aU have observed in piles when superintending their 
driving ; for the earth becoming more and more compressed, at last exerts its 
elastic force, and after yielding temporarily to the force of the blow recovers 
itself, and by its pressure against the pile imparts a vibratory and tremulous 
motion to it 

Sufficient attention has never been bestowed upon one feature belong^g 
to founding on piles which have been got down by driving, which relatM to 
the different manner in which the weight is brought upon the piles firstly and 
lastly. The weight which drives them down is sudden, rapid, violent, and 
concussive ; that which they have permanently to withstand is gradual, slow, 
gently applied, and uniformly distributed. Now, it is a well-recognizea 
mechanical fact that a weight applied continuously and unremittingly, will 
ultimately produce an effect which ten times the weight applied m the 
manner described will fail to accomplish. Let us apply this principle to the 
pile in the above situation. After the superstructure has been finished, 
which, so far as mere weight is concerned, may be twenty times that of 
the monkey employed in driving the pile, the continuous nature of its 
action begins to make itself felt ; the lateral pressure commences to yield 
little by little, and the piles, together with their superincumbent load, 
sink slowly but appreciably. These remarks apply with still greater 
force to a number of piles driven close to one another ; as, in consequence 
of the earth becoming more dense and compact as every succeeding pile is 
got down, it opposes a much greater resistance to penetration, and there 
is never the same depth attained with the last piles as with those first 
driven. 

The danger attending an irregularity in the depth to which a row 
of piles is driven, is that when a settlement takes place. It is also irre- 
gular, and is sure to occasion unsightly cracks in tne masonry, if it does 
nothing worse. Fig. 6298 represents a portion of a pier founded upon 
piles, the left-hand corner one of which has sunk, and the result is the crack shown, which continues 
up throughout the entire height of the pier. If this crack is of sach a size as to endanger the safety 
of the pier, the only remedy is to pull it down ; but if it is very slight, what is teohmcally termed 
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a thread, fresh pointing will obliterate the mere apfieanincG of it upon the face of the work. It is 
not a aettleinent, provided it ia not an absolute sinking, that necessarily exposes a stmcture to 
danger of falling, but the irreg^ularity of the settlement tJuBit works the evil. In an arch bridge, for 
example, if both abutments were to sink perfectly uniformly and regularly, the result would be 
simply a lowering of the whole bridge ; but if one were to settle and not the other, tie arch would 
be in danger of brraJdiig. It is partly for thts reason, combined, however, with other considerations 
equally important, that where the foundations of a proposed bridge are known to be bad, it ia 
usuaJily designed, in railwav work at least, as a girder and not an arch, since the partial settlement 
of one abutment would produce no other effect upon the stability of the bridge than the lowering of 
one end of the giiders, a circumstance of little consequence within certain limits. It will probably 
be remarked that the depth at which a real solid stratum is to be obtained, might easily oe ascer- 
tained by boring, previously to commencing the pile-driving. To a certain extent this remark is 
correct ; but not imfrequently the borings which would reveal the true nature of the ground, are 
either altogether omitted, or conducted in a manner so careless and slovenly, that the results 
elicited from them are little better than worthless for all practical purposes. On the other hand, 
it must be admitted that it ia very difficult to estimate what the exact character of the ground may 
be, with respect to its solidity or bearing power, from even the most accurate and most carefully- 
conducted borings, and it must, moreover, never be forgotten that all borings are peculiarly locsil, 
and tiutt g^und which appears hard and consolidated at one spot, might, and does, present a totally 
oppodite diaracter at a distance of only a few feet A convincing proof of tlie error of assuming 
that a solid foundation was obtained at a certain depth, was affordi d by the total failure of several 
bridges and viaducts on tlie Ligne du Midi, in France. These structures were founded unon piles 
in a soft substratum, driven down to a depth of 40 ft., where it was confidently believea a hard 
bottom was arrived at. After the failure took place borings were made, and it was discovered that 
Solid ground was not reached until a depth of nearly 80 ft. had been sounded, thus fuUy demon- 
strating the reason of the sinking of the various works along the line. To penetrate to any depth 
by driving into pure sand is a simple impossibility ; one might as well attempt to drive a pile into 
rock. In fine gravel the obstacles are very nearly similar in character and amount ; and, as a rule, 
the difficultyof penetrating gravel by direct impact, may be said to vary inverticly as the size of the 
particles. When the principle of impact fails, we can, under certain considerations, have recourse 
to that of rotation, and the system of founding upon screw piles has met with much success, notably 
BO in getting in foundations under water. 

Timber Piles. — ^The timber most employed for piles in this country is elm, fir, and beech. In 
cases where hard driving is necessary elm is to be preferred, as it is not nearly so liable to split in 
being driven as beech or fir. Those who have had experience in pile-driving are well aware of 
the cost and trouble incurred in drawing piles that have been split in driving. When timber is 
exposed to the alternations of wet and dry weather it does not last for any great length of time, but 
if kept constantly under water, and not exposed to the attack of the Teredo navalia, or pile-worm, 
it will remain sound for a very considerable period. Beech and elm are much better when used in 
a green state if required to he placed under water permanently. Some of the fir guide-piles, and 
portions of tlie caissons of the Westminster old bridge were as sound when drawn out as when 
placed there, about 120 years before. In the selection of timber for piles, care should be taken to 
procure them as straight and as free from knots as possible, as they are then much less liable to 
split, and better for driving in all respects. It is also preferable to use whole timbers than portions 
of large balks. When the scantling of the timber is too large, it is better to cut the piles out of the 
heart of the wood, as they are then less likely to split in driving. 

Bearing and Sheet PtVes.— Bearing piles are those which are used either for directly supporting 
a superincumbent pressure, or as an assistance to sheet piles when the object is to retain or hold up 
a mass of earth or other material. They should always be whole timbers, not less than 12 in. 
square, and are usually shod with a cast or wrought iron shoe. They should be in one length 
where possible. Timber is not so readily procurable in long balks as formerly. Sheeting piles are 
generally half balks, and are driven close together so as to constitute a continuous timber wall. 
They derive their resistance partly from the ground into which they penetrate, and partly from the 
main piles to which they are connected by Vie waling-pieces. These latter are pieces of timber, 
usually whole balks, bolted or spiked to the main or gauge piles, and between them the f^heet piles 
are driven. A good example of sheet piling is when they form the sides of a caisson. Briefiy, the 
distinction between main or bearing and sheet piles is that the former are subject to vertical 
pressure, and the latter are not Sheet piles are sometimes whole timbers where the retaining 
power is required to be very great 

When the object is simply to consolidate the ground, what are termed sheet piles are driven in 
considerable numbers and very close together. This plan is, however, seldom adopted now by 
engineers, who prefer to use concrete. Fender piles are employed, as their name signifies, to 
protect the face of any permanent structure from injury by blows or concussions. They are of 
whole timbers, and are driven along the face of river walls and embankments at intervals of about 
10 ft They need not go farther into the ground than what is sufficient to give them a good hold. 
Sometimes they are not driven, but a hole is excavated for them, and the earth subsequently well 
rammed in round them. If the face of the wall is battered or curved, the inside of the pile must 
be trimmed to make a good and close fit. A cluster of fender piles braced and strutted together 
constitutes a ddphin, which is triangular in shape, and is always placed in front of any temporary 
work in progress in a navigable river. 

Excavating for i*ifea.— In onlcr to facilitate the driving of piles, the ground is frequently exca- 
vated to some depth, and also dredged out as well along the line of pitching. At the construction 
of the dam for the Thames Embankment on the north shore, with the view of saving time, the 
ground was not dredged before the piles were driven, and. the driving was in consequence a slow 
and difficult operation. In many cases it was all but impossible to force the piles duwn, aud about 
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one-sixth of the whole number pitched, having, in the process of driving, appeared to have failed, 
were drawn, and other piles were substituted. Whenever a pile was observed to show symptoms of 
failure in driving, it was drawn ; and in this dam ninety-five piles were so removed and replaced. 
Generally, the piles when drawn were found to have oast their shoes, and their points were bruised 
into a mass of tangled shreds. The failure usually occurred whilst the puiiit of the pile was passing 
through a bed of close, compact sand, contaiaing fragments of sheUs, which rested on coarse opou 
gravel. Beneath the gravel, and rcbting on the clay, was a laver of septaria, whidi presented a 
serious obstruction to the passage of the piles. Once through this stratum and into the clay, the 
driving became comparatively easy. 

Notwithstanding the precautions whibh were taken to draw and replace injured piles, it was 
afterwards ascertained, when the foundations were excavated inside this dam, that about one-fourth 
of the piles which remained were bruised and broken, and had not penetrated the clay. The piles 
were of whole timbers, in lengths of from 40 ft. to 48 ft., and from 12 in. to 14 in. square. They 
were shod with cast-iron shoes, weighing 70 lbs. each, and were driven, or were intended to be 
driven, 4 ft into the clay. Cast-iron shoes were used in preference to those of wrought iron, as 
giving, at an equal cost, a much larger base for the timber. Where the driving was very difficult, 
shoes having cast-iron bases and wrought-iron straps were employed. 

Heading and Shoeing Piles. — To ensure the quick and proper driving of a pile, great attention 
ought to be paid to heading and shoeing, which is a very important point If the shoe gets 
twisted the pile cannot be driven accurately, and should it come off, the withdrawal of the pile 
fraquentlv becomes necessary. The best scrap iron should be used for the hoops with which the 
piles are headed, and also for the shoes. The weight of the hoops u^ for the bearing piles of 
London Bridge was 30 lbs., and that of the shoes 35 lbs. These piles were, on an average, not less 
than 20 ft long, and 12 in. diameter in the middle. One of the best kinds of shoe was that used for 
the bearing piles at Westminster new bridge. It was a combination of wrought and cast irou, the 
point Being cast and fixed on with wrought-iron straps. The weight of the hoop used was 38 lbs., 
that of the shoe 60 lbs., including rivets, jagged spikes, and straps. The cast-iron point by itself 
weighed 28 lbs. The piles averaged upwards of 30 ft in length, and 14 in. x 14 in. scantling. 

In Figs. 6294 to 6299 are shown the shoes used for the piles in the dam already mentioned. 
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Those for the sheeting piles are wholly of oast iron, 
and all represented in elevation and section in Figs. 
6294, 6295. Those for the gau^e-piles are similarly 
shown in Figs. 6296, 6297, and are also wholly of 
cast iron. The shoes shown in elevation und section 
in Figd. 6298, 6299, are partly of cast and partly of 
wrought iron. The bosses are of cast iro;i and the 
straps of wrought iron. In certain soils cast-iron 
shoes will answer extremely well; but in otliers, 
those of wrought iron must be employed In fact, 
if there is any great difficulty to be encountered in 
driving, it is preferable to adopt wrought-iron shoes. 
At the building of the suspendon bridge at Pesth, 
the shoes of the piles which were drawn were found 
to be all displaced. They were afterwards riveted 
on to the piles. The gravel was so hard and com- 
pact as to shake the pUes. To prevent them split- 
ting screw-glands were used. 

Timber Piles with Cast-iron Screw-points. — Several descriptions of cast-iron screw-points have 
been manufactured by Ransomes and May, of Ipswich. Thev are shown in Figs. 6300 to 6302. 
Fig. 6300 shows the largest size adapted for whole timber piles, which are often splintered and 
shattered, and even set on fire by the rapid blows of the steam pile-driver, when traversing compact 
ground, and when wrought-iron shoes are sometimes crushed into the timber, even in ordinary 
ground, with the foree of the common pile-engine. The small screw-point opens the way for the 
conical part, and the larger screw not only draws the pile down, but when it has penetrated to a 
sufficient depth, affords an extended base. Fig. 6301 shows the shape adopted for railway signal 
posts, and Fig. 6302 that for telegraph posts. The advantages claimed for these screw-points are 
that they save several feet of timber, and that the general length of the pile can be reduced, as it 
will bear a greater weight, and offer a more solid base when introduced to a less distance than 
when at rest upon the ordinary sharp wrought-iron pointed shoes. 
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jRam$ or Monkeys, — ^In all oases, whether manual or steam labour is employed, the pile is driyen 
bj a blow which is ipven by a ram or monkey. This consists of a block of iron or wood, but more 
generally of the former material. Before de- 
scribing it further, it will be well to inquire into 
the theory of its action. Writers on meohnnics 
haye not been able to agree on the precise manner 
in which the force of the blow giyen by the ram 
of a pile-engine should be estimated, and the ques- 
tion appears to haye been greatly confused by 
confounding it with the effect produced in sinking 
the pile. It is well known that the sinking of 
the pile is by no means regular or proportioned to 
the motion opposing its descent as determined by 
theory. On the contrary, in defiance of aU theory, 
a pile will sometimes sink more at the fourth or 
fifui blow than at the first or second, or perhaps 
more at the last blow than it did ten or fifteen 
blows before ; and yet it is obyious that if we were 
attempting to inyestigate theoretically the resist- 
ance of friction, we must estimate this resistance 
to increase in some regplar proportion to the depth 
to which the pile is driyen in tne ground. 

Practice, howeyer, shows that occasionally the 
resistance is less than at a preyious blow, when 
theory would point out that it is more. We there- 
fore reject from our consideration eyery attempt 
to determine the actual effect produced by the force 
which we are able to exert on the pile. In fact, 
whether the blow produces any effect or not, the 
force ezeiied is still the same, and this is all that 
theory can determine, because the sinkine of the pile depends on conditions of tenacity and consoli- 
dation of the ground to be driyen into, which are too yarious and complicated oyer to be capable of 
general expression. 

Apart, then, from all oonsideratkm of the effect produced in sinking the pile, let us simply 
inquire the actual force with which the ram, in falling from a giyen height, strikes the head of the 
pile. Obeying the empirical law of accelerated yelooity, the ram will fall through any space 6 in 



the time 



v^?. 



9 



where g = 16^ ft., the space through which a heayy body falls in one second of 
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time. It is a fixed and well-established rule in mechanics, that the yelooity acquired by falling 
through any giyen height is directly proportionate to the tune of descent, nnd that the yelocity 
acquired at the end of the first second of time is equal to 82^ ft a second ; hence it follows that ^he 

/ 8 
yelooity acquired by a body in falling through the space 8 Ib equal to 82^ V . Then to find the 

ff 

force of the blow, the weight of tlie body is to be multiplied into this acquired yelooity, which is 

not the yelocity with which the body has fallen, but the yelooity in feet a second with which it 

would fall durmg the next instant of time, were it not suddenly stopped by striking the pile. 

According to this formula, the following Table has bren calculated, showing in one column the time 

of descent in seconds of any ram falling from 1 to 40 ft., and in the other, the force in tons with which 

a ram weighing 1 ton will strike, in falling from the same height. The force of the blow giyen by 

a ram of any other weight than a ton may be ascertained by this Table, by simply multiplying (he 

number in the column needed Force in Tons, by the weight of the ram. Thus, if it is requijed 

to determine the force of a blow giyen by a ram of 16 cwt. 

fiilling from a height of SO ft., opposite 80 we find the 

tabular number 489, hence 16 x 43*9 = 702 cwt. = 35 

tons 2 cwt., the force required. 

The diagram. Fie. 6803, is intended to represent, by 

means of the curyed line // the law according to which 

the force of the blow increases with the height from which 

it falls. For examplei the distance a or, measured on the 

horizontal scale, will be 42-4 tons, the force with which 

a ram weighing 1 ton strikes when it has fallen from a 

height of 28 ft The peculiar curye here shown is the 

result of that law by which the forces yary as the square 

roots of the heights from which the ram falls. If the forces 

yaried directly as the heights, the straight lines 66 would 

express the law of their mcrease ; and if they yaried as 

the square of the heights — a supposition which, erroneous 

as it 18, has been entertained by some persons — the law of 

the foroes would be expressed by a curye of an entirely 

different nature from the true one, namely, by the curyes cc, acoordinsr to which, ifed were the 

force for a height of 5 ft.. «« would be the force for a height of 10 ft. The straight lines and the 

curyes c c are, of course, ooth erroneous, the true scale for measuring the forces being afforded by 

the ouryed line //, so that the distanoe a « of any point x from the yertical line A A, measured 
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Opinioiu Taiy a* to the beat weight of ram fot driring piles with. A heaT? nun with a ihort 
Ml it mnoh to be pTeferred to a light one with a long fall, the latter being more likely to split tho 
pill) ; the blow giren by the fotmer is more solid, and, having a shorter Uil, the blows are given 
quioker. The ooly objectian is that too more men are required in nnog a l)-ton r — ''"- 

_^ > .....I. ,. .. ._ ... .„v-,„j^ 1, -^^ .. 



when a ton ram is nsed; bnt this objeolioa Is n 



a than oonnterhalsnoed b, 



oth tha qnality and 



le is preferable to a long one, for an equivalent effect is not obtained for the ertra amount 
of labour expended when giving a long fall. Take, for instanoe, a ton lam with falls of S and 
12 ft.: the former woul I give a blow of nearly 20 Ions, the latter one of nearly 28 tona Here, to 
get an equtvslent, the blow given through 12 ft shoald be double that of 6 ft, bnt the momentunt 
of falling bodira of equal weights must be as the sanare roots of the heights fallen throngh ; there- 
fore an eqairalent for the extra labour of raising the ram is not obtained. It ii not advisable to 
nse a ram of a greatar weight than 1^ ton, as it then becomes unwieldy, ud reqnirw m mooh ttaea 
to raise and shift it 
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etevation side elevation and plan. It is made straiglit on one side, that la, perpendicular to its 
base, and battered on the other face. The straight side slides against the guides of the engine, 
which it gnps by means of the cheek-pieces attached to it. The weight of the ram represent^ in 
Figs. 6H04 to 6806 is 22 owt. In Figs. 6307, 0308, is sho?m another form of ram, in which two of 
the sides are bettered. This nun B slides between a pair of guides G, G, of the engine, and has 
prujectionti cast on the two straight or perpendicular sides, between which the guides pass. It is 
possible that the friction may be greater m this instance than in the other, although a steadier 
blow may be g^ven. A ram seldom weighs less than 5 cwt. ; but rams have been used weighing 
as much as 4 tons. Bams of oak, weighing about 30 cwt., were at one time very muoh employed, 
and do their work very well, without shaking or injuring the pile, as frequently occurs when iron 
rams are adopted. 

The weight of the ram should be proportional to the sectional area of the pile to be driven. 
Piles having a diameter of 10 to 14 in. require to be driven with a ram weighing from 1000 to 
1700 lbs. Sheet piles, with a breadth of 9 in. and a thickness of 3 or 4 in., require a ram weighing 
from 500 to 900 lbs. The weight of ram required for a pUe of any given dimensions, with a certain 
fall, may be determined from the following equation ; — Let F equal the height of the fall in feet, 
W the weight of the ram in lbs., B the breadtn, and T the thickness of the pile in inches. Put L 
for the length of the pile in feet, and W, for its weight in lbs. ; then for the value of W we have 

(F V ^^ \ 
' ""l)' If the pile is square, putting 8 for the length of one of the sides in 

(F yt H!r \ 
^,,, ' "" ^) • ^7 *^® •*™® formula, by simple inversion 

and reduction, the value of F, or the fall proper for a given weight of ram, can also be ascertained. 
Unless the value of L varies very considerably, it is scarcely worth while in practice to adopt 
a different weight of ram unless the job is an extensive one. 

At tiie Brooklyn Graving Dock the rams were of cast iron, swelled out at the bottom to concen- 
trate the weight at that pomt. They weighed generally about 2200 lbs., but others were used 
weighing onlv 1500 lbs. The fall was usually near 80 ft. ; but some machines were tried with 
lea&rs, which gave a fall up to 57 ft It was found by experiment that no advantage was gained 
by increasing Sie fall of the ram beyond 40 ft., as the friction on the ways then prevented any 
increased velocity to the ram when falling from a greater height. This result was obtained by 
tripping the ram at various heights, from 35 ft. upwards, until the maximum penetration of the 
same pile was ascertained. A few of the piles had to be driven with a follower or dolly, which was 
mAde of very tough oak, and well hooped at each end. Tiie effect of the blows of the ram was 
about one-third as much as when directly striking the head of the pile. 

The weight of rams varies considerably, and depends upon the circumstances attending each 
particular case. At the Montrose Harbour works, a ram of 12 cwt., with a maximum fall of 14 ft., 
gave six or seven blows a minute. It was found that a ram having a weight of 14 cwt. and a fall 
of 25 ft. fluttered wooden piles, whereas one weighing 35 cwt., but with a tall of only 17 ft., did its 
work very well. At the construction of the Liverpool Docka, the weight of the ram was 13 cwt., 
and the fall 80 to 40 ft. The piles were of beeclL and shod with wroug[ht-iron shoes. This fall is 
very great, although the ram is comparatively a light one. When a kght ram with a high fall is 
used, it will be found preferable to employ wrought-iron instead of cast-iron shoes. A heavy ram 
with a moderate fall always strikes a steadier and more even blow than when these conditions are 
reversed. It is well suited for driving cast-iron piles, notwithstanding that tlie precaution is always 
taken of using a dolly to save the heads of the piles. In calculating the weight of a ram by the 
formula already given for it, the nature of the ground, if of very exceptional character, must be 
taken into account In very hard ground, the equation will hold true comparatively rather than 
absolutely, espedaDv for la^ pilos. 

Drkmg Tmher PiZes.— In driving pile«, the weight of the ram and its fall are not the only 
points to be considered. The rapidity with which the blows are given must also be taken into 
account When piles are driven through sand or silt the blows should be given very quickly, in 
order not to aJlow the ground to settle round them after each blow. The colnmon ring-engine is 
often used for this reason in driving piles in the sand, but it is much better to uhc steam power. 
At the oonstmction of the Pesth bridge, a couple of trial piles were driven through the bed 
of the river into the day beneath. Both piles were of fir, but they differed as to har&eas. The 
first pile was driven 20 ft. 6 in., and the second 22 ft. below zero, which gave 4 ft. into the sub- 
stratum of clay. On leaving off driving, it took thirty blows with the monkey with a fall of 25 ft. 
to drive the first pile, and the hardest of the two, ^ of an inch. The aame number of blows with 
the same fall drove the second and softest pile barely \ of an inch. From twelve to sixteen blows 
were sufficient to upset the top of the first pile, so as to entirely destroy the effect of the blo-vs 
until the damaged part was out off and the pile rehooped. From five to six blows were sufficient 
to produce the same effect on the second pile. The outside of both piles was splintered and shaken 
a little, the first and harder the moat In driving the sheet piling for the same work, the ground 
was removed about 4 ft. in depth before a row of piles was pitched. They were then driven as &r 
as they would go, whioli was about 3 or 4 ft., when the waling was fixed and strutted, and as much 
more of the gravel taken out as left the point of the piles 18 in. or 2 ft. in. A man was then 
employed with a kind of crowbar, with a sp<!ar-«haped head about 4 in. broad, to stir up and 
loosen the gravel opposite the pile which was being driven, and in this manner the whole bag was 
got down to within a foot or 18 in. of the clay, when more of the ground was taken out to allow of 
the lowest waling-piece being fixed and properly braced by the raking diagonal struts up to the 
tier above them. After this waling had beien secured, the gravel was further looeened, and the 
pile driven until it had penetrated from 9 in. to 2 ft. 6 in., and in some cases 8 ft., in the clay 
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When the pile gets so deep in the ground that the head is below the level of the staging upon whioh 
the pile-engine rests, it is necessary to place on top of the pile a piece of timber hooped at e^ch end. 
This is called a dolly or punch. A portion of the blow is probably abeorbed by the dolly in its 
transmission to the pile. 

Sheet piling in the form of caissons was employed extensively at the Pola Dock. A few round 
piles were first driven, by hand and steam pile-driving machines, from suitable floats, to which to 
secure the moorings. The sides were then staked out by driving 10 ft. apart, two and in some cases 
three rows of round piles. Straight, tapering round piles were chosen for this part of the work. 
The greater part of the sheet piling was of soft Italian, Styrian, and Austrian timber, 12 in. thick. 
Every piece was made quite straight upon the sides adjacent to or in contact with contiguous piles, 
and the piles were driven by ordinary pile-driving machines mounted upon travelling platforms 
provided with double-flanged wheels resting upon iron rails, which in turn were supported upon 
the tops of the longitudinal stringers. To the outer side of these longitudinal stringers the upper 
ends of the sheet piles were secured as fast as thev were driven. 

An ingenious apparatus for driving sheet piles aocuratelv and evenly was designed by £. 
Towle, of New York, and used by him with great success at the construction of several important 
marine engineeering works at the Austrian naval station of Pola, on the Adriatic The depth 
of the water, the light specific gravity of the material, which was of soft Italian, Styrian, and 
Austrian timber, and the character of the bottom, rendered the process more than usually trouble- 
some and difficult. The machine, for want of a better name, was called a spider, and several of them 
were made and used about the work. It is shown in Fig. 6309. Two sticks oi tapering timber are 

formed by sawing a log 85 ft. long and 12 in. 
6309. square, so that the larger ends are 8 in. by 12 in., 

and the smaller ends about 4 in. by 12 in. 
These are placed side by side horizontally, 
with the larger ends in the same direction, and 
placed 12 in. apart, and parallel to each other, 
to form the side pieces. At about 8 ft. from 
the thicker ends is fitted a block of solid oak, 
30 in. thick, and about 6 ft. in length. A width 
of 9 in. on either side of the lower end of the 
block IB cut away, to leave a thickness of 12 in. 
in the central part, which is made to project 




down between the parallel side pieces, and the three are securely bolted together. From its upper 
end, which is about 5 ft. above the side pieces, the oak piece slopes toward tiie thicker ends, at 
an angle with the vertical of 80°, and is formed into a sort of throat, to receive the ends of the 
piles. 

Two inclined side pieces, or cheeks of timber, 8 in. by 12 in., and 17 ft. long, are secured, one on 
each side of the oak throat-piece, near the top, and running down, rest upon the top of the long 
tapering side timbers near their thicker ends, to which they are securely bolted, as well as through 
the throat-piece and through each other. The side olieen and oak block now form a funnel to 
receive the point of a pile, and to guide it through the 12-in. opening below. Two vertical timbers 
called hangers, 8 in. by 12 in., and about 20 ft. in length, are inserted between the side pieces, in 
the rear of the oak block, and about 20 ft. apart. They are each hinged at their lower ends by 
stout iron bolts passing through both the side pieces and the vertical hangers. The side pieces at 
the rear are clamped firmly together, with a distance piece between them 12 in. thick. Two 
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ordinary tackle-blockq, for receiving lateral guys, are now attached to the smaller ends of the side 
pieces, one on either side, and the g^iy-ropes are rove through the blocks ; a 9-in. hawser being made 
fast to the side pieces liear the oak bloc-k. The apparatus is next weighted with ballast iron, laid 
across the side pieces, until it will sink promptly, and it is now ready for use. 

Suppose a lew sheet piles to be already driven, and the pilendriying macbine to be in proper 
position to drive another pile in the line, the spider is then advanced so thut the two side pieces or 
norus of the machine are made to pass, one on either side, and clasp the sheet piles already driven ; 
the hawser is drawn taut until the oak throat-block presses hard against the pile last driven and 
the lateral side guys, properly secured, are drawn up oy the men, on the platform, untU the machine 
below is in proper line, which is readily known if the hangers are vertical. All being now adjusted, 
a sheet pile is now raised in the piling machine, and is readily driven in line with those already 
down. The throat of the spider guides the point and the body of the pile to its place, and the 
elasticity of the hawser permits a pile or two to pass through without slacking. In the result, the 
control of the work was so perfect that the sheeting required, at intervals of from 20 ft. to 30 ft, a 
special wedge-formed pile to be driven, butt down, to keep the work vertical at the driving point 
With a spider at least double the quantity of sheet piles can be driven a day in deep water, when 
the mud is shallow, than is possible at the same expense without such a contrivance, and the work 
is much better done. Between the surfaces of contiguous sheet piles was a single thread of oidinary 
spun-yam or marlin, which was tacked at each end of the piles before driving. This made the 
joints almost water-tight as was proved by the fact that water was often found 2 ft. higher inside 
than outside the enclosed space. 

The common plan of driving sheeting piles under water is to connect the main piles with 
longitudinal waling-pieoes by means of divers, or the diving bell. When tliese, as well as the 
upper walings, are put on, there is no difficulty in driving them perfectly tight. 

Draaing and CuUing-off Piles. — ^The operation of drawing piles is not so frequently practised as 
formerly. Engineers prefer leaving them in the ground and cutting them offl It is a troublesome 
and sometimes a dangerous operation, owing to the liability of the tackle to break under the great 
strain which it undergoes. A common method of drawing piles, when they are not driven very far 
into the ground, is by means of a lever. In tidal rivers and estuaries, it is usual to moor barges to 
the piles at low water, and as the tide rises they are drawn out. On large bridge works, travelling 
cranes and steam-engines are used for this purpose, which afford great power. As a proof of the severe 
strain upon the tackle, it may be mentionea that in drawing some of the piles of Westminster 
Bridge, chains of 1} in. were snapped asunder. The strain upon these could not have been less 
than 30 tons. It is a very advantageous plan to fasten a rope to the top of a pile, and let a gang of 
men haul away at it with a series of jerks. These will loosen the hold of the pile in the ground, and 
enable it to oome away with greater facility. Piles which are drawn are fre<juently found to have 
lost or cast their shoes. It is a curious fieict that a pile has been drawn and discov^ed to have lost 
9 ft. off the lower extremity. Although the stump was split all to pieces, yet the pile went down 
uniformly at the rate of 1 in. for every three blows for the last 7 or 8 ft that it was driven. 

A simple and ingenious plan for cutting the heads of piles to any shape which might be required, 
was adopted some years ago in Holland. Not only were the heads required to be cut off, but a tenon 
was to be worked upon the pile as well. The apparatus consisted of a deal box. Figs. 6310 to 6312, 

well put together and made thoroughly water-tight by 
calking. The dimensionB of the box were 6 ft 6 in. 
lonsf, 4 ft. 3 in. wide, and 8 ft 8 in. deep. At the middle 
of the bottom there was a hole made large enough to admit 
the head of the pile A. Around this hole was nailed 
the open bottom of a sack B, made of stout canvas and 
strengthened with leather. Two cords 0, 0, were made 
fast at one end of each to the box, and the other ends 
were passed over pulleys in the sides. When it was 
required, to cut off a pile, the box was put over it, and 
caused to descend as low as wanted by weights placed 
inside. Then, by the aid of the two cords, the lower end 
of the sack was drawn round the pile A, so as to form a 
completely water-tight joint. The water was emptied out 

of the box by a small 
J^ hand-pump. A workman 
lH « got in, turned back the 
canvas sack BL and after 
sawing through the pile, 
cut the head into any 
desired form. 

The piles forming 
the coffer-dams of the 
Thames Embankment 
were cut off by a pile- 
cutter designed for the 

purpose. The machine consisted of a platform upon a stout frame, resting upon four wheels, 
which travelled upon the rails before mentioned, and carrying a steam-engine with the requisite 
machinery for driving a circular saw, which was fixed at the lower end to an upright spindly 
and adjusted to the proper level. The spindle was placed between the two rows of piles, and 
revolved in gnides at tlie end of movable arms, so arranged that it would shift to either side of 
the dam by taming a handle and by the same motion it could be pressed towards the pile which 
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vu being operated apoD nntil It ma WTeTsd by the nair. Two pilu were lunall; cut off on eacit 

nide before the machiae required to be moved baokvnrds on the rails. When the wty «u clear for 
the pilEvoutter. and a eaCQuient length of dam dredged, sixty [lilee oould becut off in a'dsy, but the 
eicAvatora oould not keep pace vitb the pile-cutter, und the average number of piles futoally cnt 
off did not exceed thlrty-sii daily. Tbe machine wna portly deviBed by Charle« Murray, of London, 
but the motion whioh regulated the pnaitlon of the spindle wsi entirely the invention of Hurray. 
Id using the circular saw for cutting oil pilea below water, at <lopth« of 15 to 30 ft. below the surface, 
considerable dilHcolty has aonietimei been experienced hy the bsv nipping. Wtien this occurs Uie 
rommon saw ean be employed, worked by hand labour from a diving belt with ropea attached to 
the bi-kda of the piles tu draw them asunder as the cuts ore made. 

Out-iron Pitii.—Ia the Solway Viaduct, which is more Uian a mile in length, it wbb originally 
intended to use the acreff piH but on trial it was found that after getting throngb a depth <J about 
4 ft of sand, there was so very hard a substratum of gravel mixed with stiff clay beueatli, that the 
aorews would not peuetnte it, and the pile represented in Fig. 0313 was ad^iilud. Over 1200 of 
the*e piles were driven. They were of cast iron, 12 in. diameter, and with the exi-eption of some 
half hundred were driven from poaitinns. One of these pilea, 20 ft. in length, after being pitched 
into position, was generally driveu down 18 or 19 ft in thirty miQutes, having received fmm twelve 
Ui fifteen blown a minute, from a monkey weighing 25 cwt, and with a fall of 5 n. A timber dolly 
was uaed between the pile and tbe ram, with a copper ring between the thoe of the dolly and the 
pile-head. Six piles were gi necnlly got down in two tides. In Figs. 6314, fiSlS, are shown the irou 

tiile« and platen adopted in the oongtrnetion of new Weetminater Bridge. The pilea A were 15 ft. 
Dng, and IS in. in diameter, and were driven into the river bed by an ordinary pile-engine at inter- 
vals of 7 ft. lu the spaces between the piles, cast-irnn platei B were driven. The platea were 
1} in. in thioknesB, and fitted the grooves in the pilea exactly. The platw were ttiffened by vertical 
nJw B, n, B. and by a horizontal rib at top. 



)C[F:m 



Leatob has naed cast-iron plates to advantage in tbe constrnotion of a look near Oxfbid. Tho 
piling was made of cast-iron platea 12 fL hmg, 2 ft. wide, and 1^ in. thick, sbarpened at the edge If 



e plates, which are shown in Figa. 6316, 6S17, fitted cloaely ovct one another. By tbeae 
means me lock has its aidea permanently lined with iron np to the water level. Tlie gnlde-pilea 
were of timber, and together with some iron tjea to the ahore, were sulHcient to keep the Iran piling 



.n position while driving. 

In the Dovey Viaduct a ttmlwr dolly was Interpoaed between the monkey uid the eaat-iron 
aplice, instead of the maas of lead which hud 1)een specified for, and which had been used with 
suooeas in another case of an estuary crossing, in which the masontypieTs were supported by bear- 
ing pilea wholly of cast irtin, ani driven precisely aa timber pilea. The bearing pilea were of cast 
'-— ■' e cross-section of which m<asurt-d 16 in. by 10 in., and consisted of a longitudinal web. 



extending 16 in., crossed by two transverse wnbs of 10 in, escb; the CTOsa-aeetion, wbioh t 
Bdaj)ti'd from some similar worka in the North of England, was a very advantageona one. as the dis- 



if friotianal bearing surface. Theee oast-iron piles were 42 ft. in length (or the 
piers of tbe central opcniug, and 32 ft. for the other piera . the 12-ft. pilea were driven 25 ft. Into 
the bed of the channd, which was of London clay ; and thence to theix heads, which were driven 
down level with low-water mark, was 17 It. ; the heads of tlie pilea wei« rectongtea of 16 in. by 
10 in., formed by flanges filling up the spacei between the 

longitudinal and tntnsverae weba. These piles were de- *^"- '^"~ 

signed to he driven 1 ft. apart from centre to centre, but 
were really driven somewhat closer. At low-water mark 
they were surmounted by two courses of Yorkshire fla^- 
sloues, above which the piers were carried up in brick in 
oemtot In driving the piles a mass of lead was inter- 
polated between the monkey and the ptle-head, and not a 
pile was broken in driving. 

In the building of the Lowestoft Harbour there 
erected a wall more than tOOO ft. in length, altogether of 
east-iron piles, of the section sbown in Figs. 6318 to 6321. 

tiany experiments were made to obtain tlie best form of tuo, ssai. 

pile, and finally they were oast 30 fL long, 18 in. wide, 

and of a thiokneas greater at the centre than the ends, a uniform thickneas of H in. being main- 
tained at the edges by means of fillets. The rib was of flsh-bellied form, R in. deep at the centre 
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and to ooimtefBot the tendency this form has to force the piles outward, the lower nart of the rib was 
made in Btepa, as shown in Fig. 632 1, and the oattiog edge of the toe was one-dded. The piles were 
driven dose together, edge to edge, clamps of wrought iron 5 in. x 4 in. x } in. being riveted to 
the sides to act as gniofes. The heads of the piles were thickened out to 3 in., and were 
strengthened hj ribs, as in Figs. 6318, 6319 ; the bolts were provided for tying the piles to a hori- 
lontiu oak waling behind. The piles were driven into the bed of the sea to a depth of 10 or 12 ft. 
bv an ordinary pile-eneine, and it was found that by using a very heavy weight and a thin pieoe 
of elm on the pne-heaa to receive the blow, few of the castings were cracked or broken. 

Uuration of Iron PUes, — Objections have been made to the use of iron under water, in conse- 
quence of the oxidization which then takes place, not only in sea, but aldo in river water. The 
introduction of cast-iron piles and plates is of such comparatively reoent date, that as yet there 
has not been sufficient time to prove their value in practice : but the experiments of Bobert 
Mallett have ouite overruled the obiections just mentioned. Mallett experimented upon specimens 
of Scotch, Wdsh, Staffordshire, and Irish cast irons. He immersed specimens of cast iron dose to 
the mouth of the Great Kingstown main sewer, with a bottom of soft putrid mud. The result of 
this experiment showed tbat it would take 506 years to eat through an iron plate 1 in. thick 
acting on one surface, and 253 years if both surfaces were exposed. Cast iron was then immersed 
in thu sea«water at E^nestown Harbour, and it was found by that experiment that it would take 
530 years to eat through an inch thickness where one surface was exposed, and 265 years if both 
surfaces were acted upon. The next experiment was made in foul river-water, on a bottom of 
putrid mud, at the junction of the Peddle Biver. The result here was that it would take 1200 
yean to eat through an, inch thickness of iron, and 600 yean if both sides were exposed to the 
action of the water. MaUett also immersed the different irons in dear fresh river-water for 732 
days. In this case ho found that the mean corrosion to the square inch of surface exposed was 
1 'Oil grain ; and as the weight of a cubic inch of cast iron is 1841 grains, it would take 1820 yean 
to eat tnrough a plate of iron 1 in. thick if both surfaces were exposed to the action of such water. 
These experiments show that iron is sufficiently dunble for the purpose; for even in the most dis- 
advantageous locality, exposed to the effects of sea-water, combmea with the contents of a main 
sewer, an iron plate 1 in. thick, with one surface exposed, as would be usually the case, would last 
for several oenturiee. 

In the construction of the harbour of Lowestoft, to which allusion has already been made^ iron 
piling was used as a substitute for timber, which would have been destroyed b^ 4he teredo. It was 
supposed b^ some engineen that the iron would become softened bv the action of the water; but 
afbar tiie pdes had been in position for forty years, the iron was found to have deteriorated but very 
little. The deterioration took place at the edges of the pile, at phioes where the runnen had broken 
off, and where the original skin of the casting had been removed. It is a fact well known to engi- 
neen, that oast iron is Car more liable to suffer from the action of the weather and sea-water when 
it has once lost its original back or skin. It is said also that its strength is im^Ndred from the same 
cause. 

Supporting Potter of Piles, — ^There are three distinct purposes for which piles are used. First, to 
consolidate ground which is not Arm enough to support in its natural state the intended super- 
structure ; secondljr, as a medium of support, or to transfer the weight down to a solid stratum, when 
the upper stratum is not solid enough to carry it ; and, thirdly, when the support is chiefly derived 
from the adhesion of the material into which they are driven, and slightly from their sectional area. 

At the gmving dodE at Brooklvn, New York, the centre piles are subjected to a pressure varying 
from 10 to 20 tons. Altogether there were seven thousand piles driven, in rows 2 ft. 6 in. apar^ 
and at transverse distances of 3 ft. from centre to centre. The main piles were round spruce spars, 
very straight, from 25 to 45 ft in length, having an average length of 32 ft. They were not less 
than 7 in. in diameter at the smaller end, and on an average 14 in. in diameter at the larger end. 
The heads of the piles were always protected in driving by bands of iron 3 in. x 1 in., and occa- 
sionally iron shoes were used. But these did not increase the penetration, as the resistance arose 
prindpally fh>m the lateral friction, and the tenadtv of the pointed wood was sufficient to displace 
the material at the bottom. During the progress of this portion of the work, a careful record was 
kept, which showed the distance moved bv every blow on every pile used on the structure, and the 
wdght and fall of the hammer at each blow. It was thus ascertained that the number of blows 
required to drive 6539 piles in the foundation an average depth of 32 ft. was ten and one-third to 
each foot of pile, and the distance moved uniformly diminished from the first to the last blow, 
ranging at 8 in. at the commencement to no movement at the end, and the average distance driven 
by the last five blows was 1 in. 

As before remarked, the pile derives its support mainly from the frictional surface in contact 
with the earth, which is measured by the force of the blow, due to the weight and velocity of the 
ram. The ram does not fall in free space, but meets with considerable resistance from the friction 
with the wavs. This resistance is also materially increased when the piles are driven on the cant, 
and the macnine is not in a vertical position. In wet foundations the material obtains a degree of 
fluidity when disturbed by the operation of driving, which lessens the resistance to the penetration 
of the pile ; but the greater density of the earth compared with that of the water causes it subse- 
quently to settle in dose contact with the sides of the pile, and if not afterwards disturbed, gives a 
greater coeffldent of support than if the same pile had been driven through the same kind of mate- 
rial in a dry state. When piles of small lateral dimensions are used, the vibration caused by the 
blows enlaives the passage and loosens the earth round them. A good deal of the power is pro- 
bably absorbed in this manner, although the penetration may be increased. 

During the construction of the dock in question, experiments were made at different times 
to asoertam the weight which the piles driven in the maimer described would sustain. For this 
purpose, one end of a lever of oak timoer 60 ft. in length was flrmly secured to a duster of piles, with 
a short arm resting on the trial pile. The bearings wore angular steel ban resting on plates of iron 

8 m 
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with planed snHaoee. The outer end of the leyer waa dowly weighted with saooeaaiTe weightfl^ 
which towarda the latter part of the trial were allowed to remain for aeveral honra, and in a few 
cases a whole night. A number of coffer-dam and foundation piles were drawn by a aimilar prooeaa, 
and the power necessary to draw them also determined. Many of these trials were made on piles 
of nearly the same size, and driven in exactly the same manner, and the results were in all oases 
nearly alike. The weight required to move a pile driven S3 ft. into the earth to the point of ulti- 
mate resistance with a ram weighing 1 ton and falling SO ft. at the last blow, was 125 tons. The 
piles experimented upon had an average diameter of 12 in. As these trials were oontinned untU 
the final weights applied produced a visible movement of the pile, and as some allowance must be 
made for the friction and imperfection of the lever attachments, and from the support of the sectional 
area of the pile, it was considered that the extreme supporting power of the pile, due to its frietional 
surface, was 100 tons, or 1 ton a superficial foot of the area of its circumference. From an analysis 
of these experiments, the followiog general laws seem to have obtained ; — First, that 4he effect of 
lengthening the fall of the ram was to increase the sustaining power of the pile in the ratio of the 
squarn root of the fall ; second, that by adding to the weight of the ram, the sustaining power of 
the pile was increased by 0*7 to 0*9 of the amount due to the ratio of the augmented weight of the 
ram , and, third, that a pile driven by a ram weighing 1 ton and falling 30 ft. will sustain an 
extreme weight r>f 100 tons. 

The following formuls, based upon these data, is applicable to rams weighing from 1000 lbs. to 
8000 lbs., and falling from 20 to 40 ft. ; — ^Let W represent the weight of the experimental rem, and 
W| the weight of any other ram. Put F for the fall of the experimental ram, and F, for that of any 
other ram. Let 8 represent the extreme supporting power of a pile driven bv the ram, having a 
weight equal to W, and a fall equal to F and S, the supporting power of apilo driven by a ram 
having a weight equal to W, and a fall equal to Fy. In tlie experiment, w = 1 ton, F = 30 ft, 
and S = 100 tona Wi and Bi are in tons, and F, in feet. With the same weight of ram as in the 

experiment, and with any other fall, we have the proportion VF : VF, : : S : Sj , from which 

a/F" y B 

Si = ^1 — . Substituting in the equation the values for the several terms^ ft becomes 

Vf 

/^F X 100 

8, = — ^— — , whence Si = 18*25 VF|. In the second case, let the fall remain constant^ 

but ihe weight of the ram vary, and the value of St will be given by the expression 
— ^^ — 81 + 8. TJiis equation may be put in a simpler form, and we have 

8, = S(Q'8^^0^2^) = 8 (0 8 Wi + 2). since W = 1. Finally, substituting for 8 its 

value of 100 tons, we_2^ave Bi = (80 Wj + 20). A combination of the two results gives 

8, = 80 (W, + 0-228 VF, - 0- 

M* Alpine states that under the most favourable circumstances the pile should not be loaded 
with more than one-third of the weight given by his formula; and where there is any danger of a 
future disturbanco of the material around the pile, or where there ia any vibration in the struotuie 
which may be communicated to the piles, the load imposed should not exceed one-tenth. The 
bearing support, due to the sectional area of the pile, has not been taken into account in these 
calculations, as it forms so small a portion of the support. Fiom numerous experiments, the results 
obtained gave from 5 to 10 tons of pressure on the superficial foot of the pile. 

There are several other formuln for determining the pressure a pile will safely bear, but they 
must be received with caution, as nraotioe proves that the nature of soils is so exceedingly variable 
as to almost set theoretical calculations in this respect at defiance. Molesworth gives one as 
follows ; — ** The pile will safely bear, witiiout danger of further subsidence, as many times the weight 
of the ram as the distance which the pile ia sunk the last blow is contained in the distance which 
tlie ram falls in making that blow divided by eighty provided the pile moves uniformly at several 
of the last blows.'* Mathematically this rule may be thus expressed ; — Let St equal as before the 
supporting power of the pile, and W, and F, the weight and &11 of the ram. Put P for the pene- 

tration due to the last blow, and we have 8| = - > — ^ . A formula nearly agreeing with that 

O X X 

given by Weisbach is L = W ( ^ - \ x ^, in which W is the weight of the ram in tons, W, 

the weight of the pile in tons, U the height of the full of the ram in feet, and D the depth which 
the last stroke drives the pile. The following is a comparison of the results obtained from 

M*Alpine's formula and othere. In Weisbaoh's formula 8i = (^> Yx (^). in which the 

terms are the same, except that W is expressed in lbs., and w represents the weight of the pile, and 
P the average penetration of the pile due to the last ten blows of the ram. . By assumption 
» = 560 lbs., and P = O'Ol ft., although it was really nil in the dock experiment. From this we 
have S. = 120 tons, or if P is reduced to 001 ft., Sj = 480 tons. By Molesworth's formula 

8, = «^-^* = 90 tons; or if P = 01, then 8, = 360 tons. From M'Alpine's formula 
8 X P 

8, = 80 (W, 4- 228 V^'r^Oi we obtain St = 100 tons, when P = 0. According to Weisbach's 
formula, the pile for safety should not bo loaded with more than from one-hundredth to one-tenth 
of this result. Molesworth's formula gives the safe load. It appears that the supporting power 
which is derived from the frietional surface of large cast-iron piles, 6 ft. in diameter sunk from 20 
to 30 ft. in rocky gravel, is about half a ton to every superficial foot of frietional surface. 
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The following fonniilAi which is by Bankiiie, ehowB the relation which exi«t8 between the blow 
required to drive a pile to a given depth, and the greateat load that it will bear without sinking 
fiftrther, snppoeing it to be supported by a unifonnly distributed friction aeainst its sides. Let W 
be the weight of the ram, H the height from which it falls, D the depth through which the pile is 
driven bv the last blow, P the greatest load it will bear without sinking farther, 8 tho sectional 
area of the pile, L its length, and £ its modulus of elasticity. Then the energy of the blow is thus 

employed. W x H = ^ ^^ is the portion employed in compressing the pile, and P x D employed 
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Piles are generally driven 



in driving it. FromwhichP = V^t?-^J^^+^-^j^®^^ -^ 

until P as computed bv this formula is between 2000 and 3000 lbs. to the square Inch of the area 8 ; 
and as their worthing locul ranges from between 200 to 1000 lbs. per square inch, the factor of safety 
against tdnking is from 8 to 10. The factor of safety against direct crushing of the timber should 
not be less than 10. According to some of the best authorities the test of a pile having been sufB- 
ciently driven is, that it shall not be driven more than one-fifth of an inch by thirty blows of a ram 
wiighing 800 Iba.^ and falling 5 ft. at each blow. The total mechanical energy of this whole series 
of blows is Cf^ual to 30 x 800 x 5 = 120000 foot pounds. The object of driving a number of piles 
uniformlv which are to bear together a distributed load, is to ensure that each pile shall support its 
proper share of the load. If some datum were not adhered to with respect to the point at which 
the driving of all the piles should oease, they would be driven down to diiferent depths, and would 
nut have the same supporting power. If the weight were uniformly distributed over the whole 
number, and some were to yield, an undue pressure would be at once thrown upon those which 
stood fast ; and it is quite possible they might yield^ and thus the whole foundation be destroyed 
piecemeal. It must not be supposed tliat the supporting powier of piles is necessarily proportional 
to the depth to which they are driven. A great difference in penetration exists at very snudl 
distances between pile& We have known main piles driven at intervals of only 5 ft. ; and while 
some went down with facility, others not 10 ft from them were got down with considerable 
difficulty. 

For practical purposes there cuk hardly be a better formula for calculating the bearing power 
of piles than that of B. Sanders. Let W equal the weight which may be safely placed on the 
pile, B equal weight of ram, F the fell of the ram in making the last blow, and D the distance the 

pile sinks with the blow, then W s ^ -r . In comparing the results obtained, and taking as an 

8 X D 

example the driving of one complete work from practice, Beazeley found that the average support- 
ing power of the piles as calculated by Bankine's formula was 5*20 times, by Weisuich's 5*24 
times, and by that given by M'Alpine 0*303 times that obtained from Sanders' formula. Bankine, 
however, states that the load to be placed on a pile when it is driven to the test should be from 
one-third to one-tenth, which amounts on the average to dividing his absolute results by the retio 
5*20. Weisbaoh stated that the load should be from one-tenth to one-hundredth, which appean 
out of all reason. But as his absolute result, comparing it with practice, tallied very closely with 
Bankine's, the ratio 5*24 may Hirlj be taken as a divisor. While Bankine's and Weisbach's 
formule practically agree with that of Sanders, that of M' Alpine indioates too low a result^ bein^ 
only 0*803 of the others. 

Tabu H. 



No. or 

Pile. 


Depth in 
Onmnd. 


Total 

Length or 

Pile(L> 


Yalaeof 
PsLxO'Sa. 


yslmofD. 


Yaloe 
ofF. 


Stndenr 
FmmnliL 


Raoldiie'S 
Fonnnla. 


WeleUch'e 
FonnaLk 


M«Alpin«'a 
Formola. 




feet. 


feel 


tonft. 


foet. 


feet. 


V*l 


neofWintfl 


IDS and dednu 


lU 


1 


15*00 


20*00 


0-440 


0-0573 


10*58 


23-09 


111-68 


128-22 


6-98 


2 


1300 


1800 


0*896 


0*1094 


11-88 


18-52 


87*08 


77-75 


6*27 


8 


1200 


17-00 


0-374 


0*0883 


10-00 


1500 


91*41 


87-72 


6*77 


4 


12*50 


17*50 


• 0-885 


0*0833 


10-50 


15*75 


94*52 


91*34 


5*91 


5 


18-25 


24-75 


0*544 


0*0318 


10*00 


40-00 


122*04 


206-98 


5*77 


6 


13*00 


24-75 


0*544 


0*0677 


11*50 


21*28 


108*79 


109-58 


6*19 


7 


13*67 


25*17 


0-544 


00885 


10*00 


14-12 


81-87 


72-71 


5-77 


8 


1600 


27*50 


0-605 


0-0573 


10*00 


21-82 


97*69 


109-81 


5-77 


9 


15*58 


26*83 


0-579 


0*0625 


1000 


20-00 


95*52 


101-88 


5-77 


10 


16*00 


2700 


0*594 


0*0625 


10-00 


20-00 


94*82 


100*38 


6 77 


11 


16*75 


27*50 


0*605 


00625 


10-00 


2000 


94-88 


99*69 


5-77 


12 


17*50 


28*25 


0-622 


0469 


10 00 


26*67 


108*97 


131-45 


6-77 


18 


14*67 


24*17 


0-532 


0*0729 


1000 


17*14 


91*05 


89*42 


5-77 


14 


13*50 


23*50 


0*517 


0* 08.33 


10-00 


15-00 


85-47 


79*14 


5-77 


15 


17*67 


26*17 


0*576 


0678 


10-00 


18*46 


92*31 


93*71 


5-77 


16 


17*25 


25*75 


0*567 


0578 


8*00 


17-45 


8506 


89*11 


5-77 


17 


18 25 


23*73 


0*522 


0781 


10*00 


16-00 


88*28 


84 09 


5*77 


18 


18*67 


24 17 


0*532 


00838 


10-00 


1500 


84-93 


78-83 


5*77 


19 


14-92 


20-42 


0-449 


0*0838 


10*00 


15*00 


88*16 


82*82 


5 77 


20 


16*25 


21-75 


0-479 


0-0729 


10-00 


17*14 


93-45 


92-72 


5*77 



In Table II. aro given the supporting power of piles calculated by the aid of various formula. 
The letters have the following signiflcations ;— W equals the safe load on the pile in the f<»inul» of 
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Sanders and M^ Alpine, and the theoretical load in those of Bankiue and Weisbaoh. F equals the 
fall of the ram in making the last blow, D equals the distance the pile sinks with the last blow. 
R is the weight of the monkey, which is a constant quantity and equal to 1 ton. L equals the 
total length of the pile, and P e(^uals its weight. The sectional area of the pile is represented by 
8 which is also a constant quantity and equal to 0*7 ft The modulus of elasticity for slaty gum 
timber which is constant to every calculation, is equal to £, and has a value of 831,100 inchpounds. 
The mean results of the last four columns are as follows ; — Sanders 19 * 12, Rankine 99*34, Weisbach 
100*28, M* Alpine 5 '80; and the corresponding ratios are Sanders 1*00, Bankine 5*20, Weisbach 
5*24 and H* Alpine 0*30. The dimensions are all in feet and decimals. 

The mean results arrived at by the different forroulie are Sanders' = 19*12, Bankine's = 99*34, 
Weisbaoh's = 100*28, and M* Alpine's 5*80; and the corresponding ratios are Sanders' = 1*00, 
Bankine's = 5*20, Weisbach's «= 6*24, and M'Alpins's = 0*30. 

When a pile is driven into the ground, it will bear a certain weight without sinking. It will 
resist further penetration with a certain force. Let this force be represented by F. The amount 
of work done when the pile is driven, is equal to this force multiplied by the cQstanoe the pile is 
driven. But this distance D and the work done in driving the pile equals F x D. But D is a 
known quantity, and F could be ascertained if the amount of the work expended in driving the pile 
could be determined, and that amount divided by D. Now, the mechanical force of a blow of the 
monkey is equal to its weight multiplied by the distance through which it falls. Making these 
equal respectively to W and H, and assuming that the whole force is exerted in driving the pUe, we 

have the equation P x D = W x H, from which P = — = — . In Bankine's formula the force of the 

F*x 6 
blow expended in compressing the pile is given by the expression • Bepresenting by M the 

force necessary to overcome the elasticity of the ground, and the equation becomes 



F» X / 
WxH = FxDx^~Q + M. 



Let the ram fall through a given distance H, and let it drive the pile through a given distance D ; 
and also through another dfitance H, and drive the pile another distance D|. In the first instanoe 

we have WxH = FxD+ j^ + M; and In the second, W x H, = F x D, +^^ -f M. 

Subtracting the one ftom the other gives W (H| - H) = F (Dy - D) ; and, finally, 

W(H,-H) 
'- (D,-D) ' 

If it is required to find the supporting power of a pile, let it be first ascertained what distance it is 
driven through by the ram falling from a certain neight, and then the distance corresponding to a 
blow from the same ram falling through a greater height The sustaining power of the pile will be 
found by multiplying the weight of the ram by the difference of the falls, and dividing the product 
by the differonce of the distances the pile is driven. Instead of taking a couple of blows only, the 
mean result of several should be ascertained, as the supporting power will be practically constant 
for a few inches of penetration, except in veir springy ground. 

An ingenious method for determining the force expended in driving a pile was devised bv 
Heppel, depending upon the fact that if an exact register of the motion of the ram could be obtained, 
that is, its exact position at given intervals of time, the force which acts upon it can also be deter- 
mined. A piece of drawing paper was stretched upon a board, as in Fig. 6322, and a pencil attached 
to a strong spring, fixed to an Independent support, and having sufficient 
range when let go to draw a horizontal line completely across the paper 
which was divided by vertical lines into equal spaces. A detent held 
back the spring, and was capable of being released at the time when the 
board descending vertically passes a certain point To ascertain at what 
intervals of time the pencil, in drawing a horizontal line by the action of 
the spring, passed the several vertical lines, the board was fixed in a ver- 
tical slide, BO that it might have a fall of 3 or 4 ft. ; and the spring was 
fixed opposite to it, so that on reaching a certain point it released the 
detent. It was then first moved dowly down to this point till it touched 
the detent, and the pencil drow a horizontal line. liext it was allowed 
to drop through a given distance, and on passiug the same point it had 
now a snown velocity which, for the small interval taken up in observing 
the line, might be regarded as uniform. This velocity being oompoundea 
with that of the spring, the line drawn was no longer horizontal, but 

deviated from that direction in a certain curve. The interval of time which the board took in 
falling through any vertical distance in Fig. 6322, was ascertained from its known velocity, and as 
the, pencil passed a certain horizontal distance in the same time, the times of its passing idl the 
vertical lines became known. The instrument was now ready for use. In making an experiment 
the board was fixed to the pile near its head. The spring and pencil were fixed to an independent 
support, and the detent was so adjusted as to be released the moment the slightest motion in the 
pile took place. A curved line was thus drawn, and the times at which the pencil must have 
arrived at each of the vertical lines being already known, the times at which the head of the pile 
was at the level of their intersections with the curve, became known. As the motion of the ram may 
be taken to be the same as that of the pile-head, which it would be at any rate up to the point of 
maximum pressure, which is the most essential point to determine, the velocity of the latter at any 
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moment can bo oompnied, and consequently the force to which it must at that instant have been 
subjected. 

Pile^riving MacUinen, — Before commencing to drive permanent or bearing piles, it is necessary 
to construct good staging and strong guide-timbers, without which it is impossible to drive them 
properly, more especially sheeting pUes. There have been so many different kinds of pile-driving 
machines invented, some varying considerably, and others but slightly in the ir details, that it would 
be difficult to enumerate them ; a few, however, may be selected of those which have been most 
generally used. The ringing machine iB one of the earliest invented. Its name was derived from 
the similarity in the mode of using it, to that of the ringing of church bells. This kind of machine 
was used by the celebrated Freneh engineer, Perronet, at uie construction of the bridge of Orleans. 
It had a ram weighing 10 cwt., whicii is much 'lieavier than those used with ringing nuchinos at 
present. The weight now employed rarelv ezoeeds 3 or 4 cwt., in consequence of tlie number of 
men required to raise it in this manner ; and it is now only used for light work. One was employed 
at new Westminster Bridge, to drive thin sheeting piles for a small temporarv dam at the middle 
abutment. The weight of ram used there was little over 1 cwt., five men worked it, giving fifteen 
to twenty blows a minute, and about 5 or 6 ft fall. Tlie rams used are made of oak, or elm, hoopM 
with iron. The ringing machine was the usual mode of construction till of comparatively recent 
date. At one time horses were employed to raise the ram. They were used in driving the guide- 
piles at the old Westminster Bridge. The machine they worked had a ram weighing nearly 16 cwt, 
which, with a 20-ft. fiedl, and by the help of two horses, gave forty-eight blows an hour, or four 
blows in five minutes; with three horses it gave seventv strokes an hour. After this mncliine had 
been used for some time, when the pivots had been rubbed smooth, and the stiffness of the ropes 
destroyed, three horses going at an ordinary pace gave five strokes iu two minutes, with an average 
fall of 9 ft. Perronet also used horses for driving piles, with a machine worked by means of an 
armed wheel and a drum. This machine could be fixed on a boat, and the ram was raised by 
means of a rope passed round the armed wheel, and attached to a horse on the shore. De Gessart 
used another kind of machine at the bridge of Baumur. In it the axis was 10 in. diameter, and 
the wheel 12 ft., with trundles to turn it; eight men employed at this wheel raised, at three turns 
a stroke, a ram, rather more than 13 cwt., 6 ». high, which was then unhooked. 

The pile-driving machine in general use at the present time is much superior to any of the fore- 
going, both as regards general construction, and the ram used, which is made of cast iron, and is 
much heavier than was formerly employed. 

Of late years steam has been extensively used as a power for raising the ram; among the 
machines which are worked by steam are the following given in Table III., showing the weight of 
ram, number of blows a minute, and height of falL 

Tablb IIL 



Common .. 
Kasmyth's 

Scott's .. .. 
SisBon and White's 



Weight of Bam. 



l^ton. 

15 cwt. 

Total Weight of 
Machine 3 tona. 

IJ - 
1 



Height of FalL 



Impact. 



Blowi a minute. 



feet. 
6 
3 



6 to 15 
5 



tons. 
10*4 



29-4 

to 
46-5 
17-6 



5 
60 



15 to 20 
10 



Of these Sisson and White's possesses some especial advantages. It is very portable, does good 
work, can be easily attached to any common piling machine, and made the means of its own loco- 
motion. Steam pile-driving is the most advantageously employed when row^ of piles are required 
to be driven, as for coffer-dams, or in driving sheeting for quay walls ; but where it is necessary to 
drive piles very accurately, as in bridge foimdations, more especially for iron piles or plates, the 
ordinary crab machine worked by manual labour is the beet 

Sisson and Wliite's machine. Fig. 6323, is easily moved, and by a contrivance in the carriage 
part can be transferred to other lines at any angle with great facility ; it requires four men to 
work it, and oonsnmes about 4 cwt of coal or gas coke in ten hours. The total weight of the driver 
and boiler is 6 tons, including the ram and mounting, which are 20 cwt. The bottom framing of 
the driver is 8 ft. square. Its comparative lightness, and the small space it occupies, make it 
capable of being worked in any position or circumstances in which a common liand-machine can be 
put, either on land or afloat. The machine is moved by fastening the end of a rope ahead, passing 
it nver a roller under the winch, and taking a turn round the barrel. 

The pile is quickly pitched by attaching a common chain to the pile-head, and the lam usually 
falls about twelve times in a minute, with a 6-ft lift. The ram is lifted by means of an eccentric 
fixed in an opening made in the centre of it and is made to revolve by a lever, to tho outer end of 
which a cord Is attached, and, on being drawn downwards, a bolt is shot out into the open link 
of the pitched chain in its upward motion. The bolt is withdrawn by the other end of Uiu lever 
striking against a staple fixed in the front of the guide-nieces, and the ram thus released then falls 
on the pile. The height of the machine in the annexed drawing. Fig. 6323, is 40 ft, and will pitch a 
pile 34 ft. long on ground the same level as that on whicli the machine stands ; this height is found 
to be sufficient for general use, but machines of greater height can be constructed. Telescope 
'Irivers are made by which piles can be driven in a tideway down to a depth of 80 ft. below 
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the Btase oa which 
tbe maomneiT (Aanda, 
the TMn drirmg quite 
down to th« gronnd 
witbontnBinK ft dollj, 
to dupeow with whtob 
it • great advantage. 
In nlting tlie met- 
chine to worir, a oentre 
line shonld bs atrDok 
firom end to end. aod 
a template made the 
shape of the point, the 
centre line of wiiich 
ahould line with that 
of the pile, and the 
line then acribed. 
Point the pile with 
the aaw, to as to have 
B atomp point, aboDt 
8 Id. sqnare, forming 
a ae«t for the ahoe. 
The length of the 
point in tmibers 14 in. 
aqnare, ahould lie 2 ft. 
S in., the point ol the 
■hoe ahould be of solid 
iron, and the four 
itraps. Id in. long, 
and of iron 2 in. by 
} in., nailed on ; the 
strength of the ahoe 
should varj, depend- 
ing on the nature of 



the heed of the pUe 



'ing hoop b 

of the pUe 

ahould bo of iron, 4 in. 
ii; I in., trul; fitted 
and driven on bj the 
ram, and in ita ootaide 
dimensiona a little leaa 
than the pile in every 
direotiou. The pUe ia 
held in position ■— " 



boltUic 
Balled e 



a l<^gle-bol^ 
paasing throogh the 
pUe about 2 fL from 
the head to the back 
of th^ nprigbts, and 
there fixed with an 
lion plate, nut, and 
■orew ' apieoe of hard 
wood mnat alao be 
placed to fiU up the 
apace between the np- 
ngbta, throngh whioh 
the toggle-bolt also 
passes, to keep the 



with 



mle in ita position. 
The f-in. chain 
which the pile is 
pitched, when not in 
use, is fastened to one 
of the diagonal atave, 
to be kept out of the 
way. It wiU be ob- 
eerred that the pulley 
with the aemi-ciicular 
groove at the head of 
Uie driver, is for the 
nse of this chain. 
While the pUe la being 
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pitched the ram is wound up to the ton, or as high aa is necessary, and held there by a bolt passing 
through the uprights, and when the pile is in position then gently lowered upon it. By the lowering 
of the screw at the foot of the ladder, the incline of the uprights is regulated to suit the batter 
at which the pile may have to be driven. It will be seen by tho holes in front of the guide-pieces to 
receive the striking-ofi* staples, that the ram need not be lifted higher than these distances before 
it is struck off, and it is recommended that with a ram above 1 ton weight it should never fall more 
than from a height of 5 or 6 ft. on a pile of fir timber ; the work is quicker done and the wood pre- 
served. To work the driver it requires four men only, namely, one to drive the winch, one on the 
stages to shift the striking-off staple, one to attend the pile, and one to work the catch. Two 
stout boys would do to shift the staples, and work the catch. The catch is worked by a 
piece of strong card fastened to the hole on the outer end of the lever, and pulled down by 
the man appointed for that purpose. When the ram has been struck off, the speed of the 
chain must be reduced b^ partially cutting off the steam until the catch htis again entered the 
chain. Particular attention should be paid to keep the chain and catch well oiled, likewise the 
bearings of the top and bottom sheaves, and all the working parts of the winch ; and when com- 
mencing to work, to let Mie ram go slowly up to the striking-off staples until everything is free, and 
the working of the winch is well understood. It is always desirable to have dean, fresh water for 
the boiler, and should it prime, from having salt or dirty water, or from any grease having been left 
in, and to prevent priming, put in some soda or potash, and when the steam is up blow off a little 
al the safety-valve. 

When there are a great number of piles to be driven in regular order, such as, for instance, in 
the floor of a graving dock, tlie Nasmyth machine gives very good results, in the oonstmotion of the 
Brooklyn dock a la^ number of the piles were driven by a JNaamyth machine, with a ram weighing 
8 tons. The fall or stroke was 3 ft., and from sixty to eighty blows a minute were delivered. The 
Nasmyth hammer was found to drive piles to a much great^ depth than the other machines em- 
ployed on the works, and although the force of its blows is much less than those of the ordinary 
rams, when falling 30 ft. it produces a much greater effect With the Nasmyth machine, piles were 
driven 35 ft. in seven minute^ while with the other machines similar piles require one hour or 
more to drive them the same distance. Two trial piles were driven witn each of these machines, 
with the following results ;— 

Table IY. — Pile Dbiven bt the Naskyth Machine. 
The first 4 blows drove it 4 in. at each blow. 
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This pile was nearly the same size as the other trial pile, and was driven 43 ft. in seven mlnntea 
with 373 blows, and was not iron-shod. 

Table V. — Pile Dbiven bt a Ram Weighing 1 Ton, Falling fbox i to 35 feet. 

The first 100 blows drove it a few feet. 
„ next 260 „ 80 in. in all. 

„ ft 265 „ from ) to 1 1 in. at each blow. 

»• II *lo „ „ IJ „ 

This pile was driven 45 ft. with 735 blows. It was 20 in. in diameter at one end and 14 in. at 
the other, and was shod with iron. It occupied 166 minutes in the driving, namely, 264 blows in 
46 minutes, 265 blows in an hour, and 110 dIows in .an hour. The rapidity of the action of the 
Nasmyth hammer is of great advantage. The blows succeeded each other at intervals of a second, 
and before the material which had been displaced by the vibrations of the preceding blow oonld 
settle round the sides of the pile, and therefore nearly the whole force of the blows was employed 
in displacing the earth near the pile. With the other machines the blows were given at intervals of 
a minute, by which time the vibrations caused by the preceding blow had ceased, and the semi- 
fluid material had subsided round the pile, so that a considerable portion of the force of the blows 
was consumed in overcoming the friction along the sides, thus leaving only a comparatively small 
part of the force to displace the eaiih at the bottom of the pile. 

Fig. 6324 is a front elevation, and Fig. 6325 a side elevation, of Nasmyth's pile-driver. 

The foundation on which the machine is erected consists of a strong wooden platform A A, 
firmly framed together and strengthened by diagonal timbers and wrought-lron comer pieces, the 
whole being further secured by cast-iron brackets B, B, at each angle of the platform, in which the 
locomotive wheels a, a, are fitted to work upon rails disposed parallel and close to the line of piling 
on which the machine is destined to operate. The great vertiod guide-pole C G, on whicn the 
driving apparatus slides, is securely bolted to one side of the platform, the boiler being situated 
towards the opposite side, to counterbalance the weight of the former, and to afford an abutment 
for the diagonul timber supports D, D, bound to both by plates of iron and numerous bolts. The 
entire framework of the machine is also secured by the four adjustable tie-rods 6, 6, attached to the 
four comers of the stage and to the top of the upright. This latter is surmounted by a oast-iron 
socket-frame supporting the brackets £, E, which carry a chain pulley, over which works tlie great 
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oham & one end of which is pomed loond a harrel worked by a small steam-engine^ while the 
other end is attached to, and sustains the weight of, the pile-driviug apparatus. 

This consists of a steam-cylinder F, with ail the necessary appendages. The lower flange of the 
cylinder is firmly bolted to the pile-case Q G, which is a species of rectangular box of a square : 
section, constructed of plates of wrought iron strongly framed together. The interior surfaces of the 
pile-case serre to guide the hammer-block in its vertical motion, and it is itself guiled along the 

KBat !ipright G 0. ov the pieces d, d, which are fitted to embrace the projecting slips of iron e, e, 
Ited to the front of the upright throughout its entire length. The lower end of the pile-case is 
open, to admit the head of the pile, and is furnished with cast-iron jaws or resting-pieoee A f. bolted 
to its interior surfaces ; these are so formed as to rest upon the shoulders of the pile H, wnich, if we 
suppose the great chain barrdl to be left free to revolve, thus becomes the sole support for the weight 
of the whole mass of the driving apparatus. Bv these arrangements, it will be seen that as the pile 
is, by successive steps, forced into the ground by the action of the hammer, the chain barrel being 
thrown oat of gear with its driving apparatus during the process, the pile-case, with aU its appen- 
dages, weighing about 8 tons, is left at perfect liberty to Dear upon the shoulders of the pile, and 
follow down along with it. while at the same time^ and by the same means, the pile itself is g^ded 
into a strictly vertical and true course. 

The driving apparatus consists simply of a modification of Nasmyth's steam-hammer, the action 
of the various parts behig in all respects identical, though the whole is movable. The steam neoea- 
saxy for its supply is generated in a boiler T, the construction of which is verv similar to that of 
the ordinary locomotive engine boiler. The steam-chest T ^^pmoimts the fire-box, and is made of 
suflScient height to prevent the infiux of water into the steam-pipes, and the entire boiler and steam- 
chest are covered externally with a coating of felt, and with strips of wood to prevent the radiation 
of heat, and to give greater symmetrv of appearance. On the cover of the steam-chest is cast a 
small square box .7, containing suitable bearings for the safety-valve, which is loaded by a weight 
and combination of levers A, A, and for the throttle or shut-off valve, commanded by the lever-handle 
and rod s i. The steam is conveyed from the boiler to the valve-chest of the driving cylinder by a 
flexible steam-pipe K K, composed of several lengths of wzought-iron tube, connected together by 
swivel joints of cast iron J, j. This arrangement admits of the steam-pipe accommodating itself 
without any loss of steam from leakage, to every variety of height or distance at which the driving 
cylinder may be firom the boiler, from the commencement of the process, when the apparatus is sitting 
aloft upon the shoulders of a tall pile, until it has airived at its lowest position, wnen the pile has 
penetrated the soil to the required depth. 

The remaining part of the driving apparatus is, as we have before had oecasion to remark, iden- 
tical in the principles of its action, and very similar in the details of its construction, to those of the 
Nasmjrth steam-hammer. 

F IS the steam-cylinder, within which the power necessary for raising the hammer to the required 
elevation — 8 ft. — is generated. 

L the steam valve chest, bolted to the lower side of the cylinder, within which a valve is fltted 
to work upon a face cast with the cylinder. 

The steam, after having aoooniplished its work, is permitted to escape into the atmosphere by an 
oblong aperture /, formed m the cylinder face; and, to obviate the risk of accident from the piston 
rinng too high, a number of small round holes, m, m, are formed near the top of the cylinder, so that 
the steam may blow out into the air when the piston rises above their edges. 

Within the cylinder F is the piston, formed of wrought iron, and fitted with a single packing 
ring, snd the piston-rod, having a cylindrical boss or enlargement at its lower extremity, for the 
purpose of afl(»ding means for securing a slightly elastic connection, by hard-wood washers, between 
the piston-rod and hammer-block. 

The hammer-bloi'k, consisting of a rectangular mass of cast iron weighins 80 cwt, is adapted to 
slide freely, but without much play, within the pile-case GO. It is frimiBhed with suitable recesses 
for the seomring of the hammer piston-rod, and tor enabling it to rise clear of the cylinder stuiBng- 
box ; and at its upper extremity a recess, in the form of a species of inclined plane, is provided, for 
the purpose of acting upon the valve-lever, so as to permit the escape of the steam after it has raised 
the nammer to a sufficient height 

The hammer is a cylindri^ block of oast iron, formed with a slightly concave ftuse, fitted into 
the hammer-block, and fastened Uiereio by a wiought-iron key, which at the same time serves to 
secure the connection of the piston-rod. 

q, the valve-spindle, produced downwards and working in suitable bearings, so as to bring it 
under the action of the trigger at the termination of the stroke. 

r, the valve-lever, work&ig outside of the pile-case, but having a small friction-roller attached 
to its inner end, and situated so as to come unaer the action of the inclined plane. 

f, the trigger, the function of which is to keep the steam-valve in such a position as to prevent 
the admission of steam into the cylinder during tne descent of the liammer- block. 

Beneath the trigger is a parallel bar, against which the lutch-lever acts at the termination of 
the stroke, for the purpose of releashig the valve-spindle from the trigger, in order to allow the 
steam to be admitted for a fresh stroke. 

«!, the parallel motion bell-cranks and connecting rod of the disengaging apparatus. 

V, a builer-box for the pnrpose of restricting the travel of the valve to its proper amount, and of 
deadening the shocks to which it is subjected. 

The power by which the pile-case and its appendages are elevated to the top of the great vertical 
gnide-pole, and the means employed to render tne whole machine locomotive, is supplied by a small 
horizontal steam-engine R, situated opposite to the great upright O, and under the boiler I, from 
which it derives its supply of steam. The motion of this stcMm-engine is transferred to the axis of 
the great chain banel oy means of a train of spur-gearing, calculated to increase the power to the 
leqmred extent. Two bioad plates of wrought iron, extending across the entire platform, and bolted 
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tbe ohain bturrel. The piaion y U fitted to slide longl- 

tniiinally upon its BhaFt b; meang of e. sank feathar, and 

IB coramanded by a lever-liandle, ao aa to enalila tbe stten- 

dant iacharee of the maclimeto throw it out of ce&r with 

tbe wheel upon the ohain-biLrrel Bhalt. when tlie latter 

ia to be left free to raTolre duriog the driving of the pile. 

Tlie wheel z, upon the third motinn abaft, geara with a 

eimiiar wheel a'.fliBdnponacroBB ahaft worflng In beot- 

iaga aoder the platform, and aervine to impart motion 

at once to a amnll chain barrel for hoisting the piles and 

to tbe locomotiTe gear. A clutch, or conpling. eliding 

npan the shaft, ennbleB the attendant to throw the eranll 

ohain banel into gear with the driving appaiatna, or dia- 

angage it at pleasure : the remaining detnila of thia part 

of the process will bo fully nnderatood by reference to 

Fig. 6324, where a pile U' is shown suspended from the 

chain d' ready to come ander the action of the driving machinery. To adjust the pile-case over 

the head i^the pile at the commenceuieDt of the driving, it fa neoessary that one or two men should 
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be nuBed to the rammit of the 
maoliiDe. A rope*', ptiued orer » 
pnllay at the top of tlie ereat op- 
right, and uronnU round tbe b<irrel 
of » winch U, serreB to KCComplUh 
Ihia object. 

The locomotive gear is eicucd- 
ingly aimple, ftiid will be nt once 
nnderelood by referring to Figs. 
6324, 6325. A berel-wheel fixed 
to the DQter end of tlie sliaft, Bap- 
porting the wheel a', geara with an- 
other of equal diameter, working 
looee upon the abaft V, to wliioh ft 
pair of the locomotive wheels a, a, 
lu^ fixed. When it is required to 
move the pUt furm with its superin- 
cumbeot maohineiy along the line 
ofrails, a eliding clutch ii' U thrown 
Into gear witb the last-mentioned 
bevel-wheel, and is disengaged 
when the machine hai airivea at 
the desired position. 

Aeiion of Iht MacMnt.—Thn pile 
having been raised bj meiuis of the 
hoisting appAiktos, and its potal 
having been set into the proper 
position, the pile-case G G, witb 
Its attached machlueiv, la lowered 
down over the bead, by reversing 
the small engine R, so that tbe 
jaws /,/, rest noon the ahonldert 
of the pile, wbich sinka down into 
the ground by tba effect of the 
anperlncumbent weight, till it baa 
reached soil eufflcitntly firm to 
support it ; this ia indicated by 
the cIulIq c beooming alaek. The 
pinion 1/ ia then thrown ontof gear, 
and the steam la admitted into the 
drifing cylinder F by turning the 
handle i. Tbo hammer-bloclc is by 
this means raised till its inclined 
plane, aiming in contact witb tlie 
end of the valve-lever r, caoaas the 
valve to discharge the ateam from 
the imder aide of the piston. The 
steam which had served to lalse the 
hammer ia thna allowed to blow 
oat into the air, and the hammer 
descends and discharges ita mo- 
mentum in the form of an ener- 
getic blow npon tlie head of the 
pile. Durina; the descent of the 
Domnier-blof^ Uie steam-valTe ia 
ret&ined in ita proper pccition by 
the action of the tngger *, bnt by 
the eSect of tiia cononaaion npan 
the head of the pile, the valve- 
spindle la released from contact 
witb the trigger, and the steam' 
valve allows ateam to act Ireely 
nndcrthe piston, for the purpose U 
again raising the bomnier. 

A ve^ good machine by 
Appleby Brothers, of London, {• 
■hown in Figs. 632G to 6328, which 
represent a haDd-machine in side 
elevation, front elevation, and 
plan. A somewhat aimilar ex- 
ample by the same makers adapted 
for Htcom power U shown in Figs. 
6S29to6331. 
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high, and oonsista of a pair of timber leaders 6x8 placed on a flquore frame about 4 in. apart, the 
front and back being plated with wrought iron ; the top of the leaders carry a cast-iron sheave work- 
mg freely in a pair of carriages ; side struts and back struts are braced to the leaders, and wrought- 
iron Imees render the whole a stiflf and rigid framing. The cast-iron ram for a machine of this kind 
is from 10 to 18 cwt, and has a feather cast on the back to fit loosely into the groove formed by the 
two leaders, two bolts and plates parsing through it to prevent it twm falling out of its guides; a 
strong staple of square iron is cast into the top ; the ram should not exceed 12 in. square, as it frequently 
happens that one pile will go much lower tnan another, and if the ram is larger than the pits it does 
not follow down between those on each side. The crab-winch is of single purchase with long and 
strong handles, so that four or five men can work at them ; the attachment of the chain to the ram 
is made by a catch lever or nipper ; this is attached to the end of the chain together with a cast-iron 
balance-weight guided on the leaders in a similn^r manner to the ram, and which serves to overhaul 
tho chain after a blow has been made. The method of working the machine is as follows ; — ^the ram 
is attached io the chain by the nipper, engaging the staple on the ram, and the men at the wiuch 
raise the monkey any desired height, when the ganger, by means of a hand-line and lever, releases 
the ram, which falls an the pile-head, the hand-shaft of the winch is thrown out of gear, and the 
balance-weight brings down the ohain to the ram for the nezt.blow ; the descent of the balance-weight 
and chain is regulated by a break on the crab under control of one of the men. 

The steam pile-driving machine. Figs. 6329 to 6331, is a simple adaptation to perform the 
operation by steam. The frame is the same in construction as that last described, out is made 
much stronger, a double- cvlinder steam- winch taking the place of tlie hand-winch ; the barrel is 
loose on its sliaft, but can be made fast to it by a toothed clutch and lever, the same lever actuating 
a brake on the barrel to control the ascent of the chain and balance-weight ; the boiler can be placed 
on the same fi-ame, or in some cases a number of engines are worked from one boiler, which is 
placed in any convenient position, the pipes being laid as far as practicable in iron, with a short 
piece of flexible steam hose connecting the pipe and crab so as to admit of the pile-driver being 
moved a oonsiderable distance without altering the oonnections ; the engines run continuously in 
one direction, and when the barrel-clutch is. thrown into gear, the ram ascends until released by 
coming in contact with a stop, or by the hand-line which is attached to the nipper ; immediatdy 
this is done the operator at the winch throws out the clutch, and the balance-weight and nipper 
overhauls the chain, and from the con- 
struction of the nipper attaches itself to ^^^ 
the staple of the ram ready for the next 
lift Ten to twelve blows a minute can 
thus be easily mtide. 

The whole machine is often mounted 
on a set of flanged wheels and axles for 
moving along a tramway. The frames 
are so constructed as to throw the leaders 
out of the perpendicular when it is re- 
quired to drive the piles on a batter. 

The steam pile-driver. Figs. 6332 to 
6335, belongs to the dass of endless- 
chain pile-drivers, which have come into 
use for larve works both in this oountiy 
and abroad, being found to possess an 
important practical advantage in the 
ooatinuous motion of the chain running 
always in the same direction. In eon 
8e(}uenoe of this, the engine never re- 
quires to be stopped or reversed during 
tne perfoimanoe of the work, nor are any 
reversing clutches required for reversing 
the motion of the oiab winding the 
chain. 

The cluef improvement aimed at in 
this pile-driver, states Peter B. Eassie in 
the Proceedings Inst. M. £., has been to 
lift the ram by its centre of gravity, and 
thus reduce the friction on the front and 
back of the leaders. In tho pile-drivers 
hitherto in use the ordinary mode of 
attachment of the lifting chain to the 
ram has been, shown as in Figs. 6332, 
6338, wl)cre the attachment of the ram A 
to the chain O as it the beck of the 
leaders B; and the ram is released 
either by withdrawing the catch D, as 
shown in Fig. 6332, or by throwing out 
the chain from tlit« catch by an inclined 
stop E, as shown in Fig. 6333. Although 
the effect of the blow, wh^n the ram is 
released, is the same as with any other 




.mode of attachment, the friction in lifting is excessive, iv consequence of the nipping 
and back of the Kaders, arising from the canting of the ram against the leaders ; ai 



action at front 
and tills binding 
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nsarlj one-fbnrth of the whole weight of 



requiied t 
■UBohineiT 

FiR. 6SS4 la it tide elentloD of the 
pile-driver, drlTlng & nUng pile; and 
Fig. 633£ Bhowa ft tmot elenboD of the 
maoliiiie. 
The ram A, showD to ft larger soele In Figg. 6336 to G33S, weighing from Id to 30 cwt, ilidea 



1, it jointed on the top of ft lod fuaiDg throngh the oentie of grsTilT of 
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tho ram : and is oonatan^ preaaed inwarda by a nnall spiral spring I, 80 as to engage in ilie links 
of the lifting chain G. The attachment of the lifting rod to the ram is made with springs J, J, in 
order to ease the sudden strain occasioned by the weight of the ram being thrown suddenly upon the 
chain. India-rubber springs are found to serve this purpose the best, steel volute springs having 
been fuund liable to break, as the space through which the lifting rod has to yield amounts some- 
times to as much as 2 ia. when the chain is driven at its greatest speed. 

The lifting chuiu G, passing up through the eye-bolts G at the back of the ram, Fig. 6336, is 
brought forwards to the front of the leaders B and into the line of the centre of gravity of the ram 
by means of the follower F. which consists of a light iron frame carrying the roller F, and sliding 
freely between the two leaders B, B, as shown to a larger scale in Figs. 6339 to 6341. During the 
ascent of the ram, the follower rests upon the top of it, and is carried up with it, and as soon as 
the lifting hook H has been disengaged from the chain by the striker-off K, Figs. 6334 and 6336, 
the ram falls and gives the blow, and the follower runs down after it as rapidly as the friction of the 
chain in passing under the roller F will allow. The slight retardation thus pitxtuccd in the descent 
of the follower is sufficient to allow time for the rebound of the ram after striking the blow to cease, 
before the follower overtakes it ; and an india-rubber buffernapring fixed in the bottom of the follower 
reduces the shock of the follower falling upon the ram. The roller F of the follower is made of 
wood hooped with iron, and revolves freely between the side plates of the follower ; while the sloping 
fender-plate L prevents the dack of the chain from accumulating at the follower. The follower is 
guided between the leaders B, B, by four strips of angle-iron riveted on the side plates, as shovm in 
the plan. Fig. 6341 ; and as soon as the follower overtakes the ram, it brings the lifting chain within 
reach of the hook H, which instantiy engages in the chain again, and the ram is raised as before. 
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The striker-off, for disengaging the ram firom the lifting chain, is shown in Figs. 6342 to 6344, 
and consists of an iron framing somewhat similar to the follower, on the front of which is a pair of 
bell-crank levers oarrymg a roller. When the engaging hook H of the rsm comes in contact with 
this roller, it first raises the levers and gives them a nipping action upon the leaders B, by which 
the striker-off is held tight in its place and prevented from being lifted by the ascent of the hook; 
and then the roller K, bearing against the tapered extremity of the hook, disengages the hook from 
the lifting cliain 0, and the ram fulls freely. The height of fall is regulated simply by raising or 
lowering the striker-off by the cord M. which passes over a pulley on the top of the leaders, the end 
of the cord being secured within reach of the engine-man. 

The endless pitch-chain, by which the ram is lifted, is shown in Figs. 6345, 6346, and oonsists 
of double and single links alternately ; the lifting hook of the ram engaging in the spaces left 
between the double links. The links are curved on the edges to fit the rollers over which the chain 
runs. The pins are of steel, and the middle portion passing through the oentre link is made of 
rather larger diameter than the two ends, leaving a shoulder against which the outside links are 
nvoted on tight, so that the centre link can work freely on the pin. At about every 8 ft. in length 



PILE-DRIVEB. 



2639 



of the chain a screw-pin ia used instead of a rivet, for facility in putting the chain together, or for 
taking it to pieces in case of repairs. 

During the working of the pile-iiriyer, the chain is kept constantly running in an upward direc- 
tion in front of the leaders for lifting the Turn. It passes over the pulley N, Figs. 6334, 6335, at the 
top of the leatlcrs. and thence down to the pitched wlieel O on the main shaft of the crab; then 
umier a guide*roller in the platform, of the machine, and up behind the leaders to the follower F, by 
which it ia again brought in front of the leaders above the ram A. The chain is tightened or 
slackened as required by means of adjusting screws regulating the position of the top pulley N. In 
practice it is kept slack enough to allow of the follower F descending readily by its own weight after 
each fall of the ram. 

Tlie whole machine is carried on a platfonn P, Figs. 6334, 6335, having at earh comer double- 
flanged wheels, so Lhiit the pile-driver can be moved easily in either direction on rails laid down for 
the purpose. On this lower platform is carried an upper one, turning upon a centre-pin like an 
ordinary turn-table, so as to allow the pile-driver to be faced to any of the four sides of the machine. 
On the upper platform are hinged the leaders B and side stays, connected by framinit to the beck 
ladder Q, at the foot of which there is a strong adjusting screw and guide R, allowing the pile- 
driver to be Bi^i to any inclination up to 1 in 6 when required, in order to drive nJcing pile.^ as 
shown in Fig. 6334. The boiler is an upright one, and the engine is placed vertically with the 
c}'liniler inverted, working down upon the crank-shaft, on which is the pinion driving the crab O. 
The large shaft of the crab carries a double dutch-box, having on one side the chain-drum for 
lifting the pile, and on the other side the pitched wheel driving the endless chain G which raises the 
ram. A brake is provided, so that either the pile or the ram can be lowered gently at any time. 

The pile-driver. Fig. 6347, is oalled a telesoopio pile-driver, being designed not only to command 



a large area and put 
down a pile readily in 
any position included by 
the line of rails ou the 
gantries S, S, but also 
to drive piles 30 or 40 ft. 
below the level of the 
rails on which it tra- 
verses. It is thus of 
great value in running 
out piers in deep water 
or driving piles in 
trenches. Fig. 6347 re- 
presents the nature of 
the work that had to be 
executed by the first 
pile-driver of this con- 
struction, which was 
adopted oy the English 
Admiralty for driving 
piles in trenches at 
Chatham. In this ease 
the trenches were cut 
out of soft clay and other 
yielding materials, so 
that the sides required 
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supporting by means of the struts T,T ; 
and it was therefore necessary that in 
traversing longitudinally over the 
trench the pile-driver should pass 
dear above tne struts T. 

The traverser U is mounted on 
wheels running upon the rails laid on 
the gantries S, B. The longitudinal 
traverse is effected by means of the 
shaft and pinion driven by the engine 
of the pile-driver; and the cross 
traverse of the pile-driver upon the 
traverser is effecUid by chain gearing 
from the steam-crab. A pile can then 
be driven in any portion of the space 
comprised within the gantries; and 
the traverser overhangs the gantry on 
one side at W, so that the piles may 
be driven close to that side of the 
trench as well ns the other. 

In order to drive a pile to the 
br>ttom of the trench, a long frame X X 
is introduced, called the needle, 
sliding fredy between pieces of X 
iron fastened on eadi edge of the 
leaders B of the pile-driver. This 



frame is raised and lowered by the chains Y, attached to each side of it and winding upon a drum 
on the steam-crab ; and it serves as the guide for the ram and follower, in place of the leaders 
themselves. The plan usually adopted is to fasten the lower end of the needle X to the head of 
the pile, or the needle may be lowered at once to the bottom of the trench, as in Fig. 6347. After 
the pile has been driven, the needle is raised dear of the struts T or level with the rails, and the 
machine can then be traversed in any direction longitudinally or transversely, the whole rf the 
movements and the lifting of the needle bdng effected by the steam power on the platform of 
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, ) bulged, K> that they can ba 

J raking pUei with fte needle, with the aajne facility aa in the oonatniotion of 

mia-dlivet ptevioiuly deKiibed. The eodleaa pitch-chain C ia connected aolely to the needle X 
and atewn-orab O, aud aa it ne»er reqnirt* to bo atretohed parfectlv tant, it ia alwaya ready for 
mmediate use, whether the needle ii raised lo the top or lowered to the bottom of tbe trench. 
The cut-iron pile ahoea, Fig*. 6318 to C356, nere de«igned by Peter B. Eauie tbr the pnrpoM oT 
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ftfiording (t brood iMMe to the wood of the pile itaelf, and alao with a view to eoaoomy of space in 
racUng for export. Tlie ahoe Bhown in Figa. 634S to 6350 ia for «n ontinery aqtiare pile, and that 
in Figs. 6352 to 6356 for a sheet pile ; GODii»ting in each oa«e of a hollow catting forming the toe 
of tlie pile, with dovetailed receeaea cast on for the Bttachment of the wronght-iron atrapo, 
Fig. 6351, whioti after being o^JtiBted are fastened to the pile by apikea in the ordiuary manner. 
All the iIoTetaila anil the enda of the atrapa being made alike, they are readily attachal, and are 
fonnd (o take up considerably leas room In atowaze than many other oonatmotioiiB ; while owing to 
tliere being no holes at the point of altaohmeat, tne atrana can be made amall in size. Before being 
need these hnllow shoes are sometimes Qtled up wiln cement or tome otber msterial tasilj 
obtained at the site of the work. 

The aocompnnying Table on the authority of P. B. Eaaate givea the partionlara of half-a-day's 
work with ana oC tbe tetesoopio pile-drivers employed at Oardiff Docks. Bome difflonlty waa expe- 
rieaced in this case in getting at the exact height of bit of tbe ram, aa the machine waa at work 
npon gantries, driving pdoa in water : bnt the faD waa ascertained to be on an average about 10 ft. 
The last forty ar fifty blows were eiven with a fall of 14 ft., causing tbe pile to go down from ^ lo. 
to A in. a blow. The weight of the nun waa 21) cwt. ; and the size of the piles was 13 in. squue, 
Ma their avetsge length 46 ft 

Table TL — Telksodpio Piu-Dbiteb at Cabditf Dooxe. 
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The avenge Teenlt of the obaemtione made upon the driving of these three pilee in saooeerion 
was tiiat the number of blows required to drive each pile to a depth of 81 ft. was 128 blows, and the 
time oconpied in aotuallj driying was 36 minutes; the total time spent in driying the three piles, 
including all delays, was 4) hours. 

Screw Piles. — A screw pile differs from an ordinary pile of timber, or cast or wrought iron, by being 
fumiflhed at the lower extremity with a screw or spiraL The screw ia of particular construction, aa 
it la provided witii only two or three blades, which are of different diameter. The upper of these 
has tne greatest redatance to contend with, and is therefore of a larger diameter than the others, 
sometimes reaching the dimension of 4 ft. The pile being adjusted in either a vertical or indinea 
plane as required, a rotary ipovement is imparted to the upper eztrt-mity, and the penetration 
commences. One of the chief merits in thua obtaining a foundation is that the pile doce not di»- 
lodge the earth near and round about it Thus fixed in position, the pile can be used either as a 
mooring post, or as a portion of a pier upon which to erect a bridge, jetty, or other superstructure. 
The screws are either cylindrical or conical, of cast or wrought iron, and the piles may be also 
of either material, or of timber. According to the nature and consistency of the ground to be pene* 
trated, so must the shape and size of the screw be. If the earth is of a loose, friable, easily pene- 
trable character, a cylindrically-formed aorew will answer for the purpose ; but if it is of a compact, 
tenacious description it becomes necessary to use a screw in the shape of a cone. No screw, what- 
ever may be its form and powers of boring, will penetrate into rock, but the principle has been 
auooessrally aoplied in instances where the foundation was a bed of ooraL Aa a rule, a 
capstan workea oy manual labour is found sufficient to drive a screw pile. One of these machines 
with eight bars about 20 ft. in length, each manned by five or six labourers, has been found capable 
of getting down a pile 4 ft. in diameter, to a depth of 15 ft. in an hour and a half, in ground com- 
posed of sand, clay, and loose rook of a schistose naturo. The conditions being the same, a period 
of two hours was sufficient to sink a scrow pile to a depth of 21 ft In cases whero it is not possible 
to employ the leverage of Ciipstan-bars, the head of the capstan is furnished with a wheel which 
can be worked by an endless rope or chain set in motion by a gang of men. Where the earth is 
very dry, screw piles can often be got down b^ very simple means. It sometimes suffices to fix to 
the upper end of the pile a rod with an eye in it to attach a short iron lever, and screw the pile 
down. This arrangement will only be aviUlable for short depths. 

The ordinary screw-pile is represented in elevation in Fig. 6S57, which shows the end portion 
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cast upon Mitcheirs principle, to which the upper lengths are 
bolted. A very usual dimension for the size of the pile in 
2 ft. 6 in. in diameter, but any size may be adopted, provided 
it is borne in mind that the difficulty in getting it down varies 
directly as the area of the flange. Besides, if a certain dimen- 
sion be exceeded, the pile virtually ceases to bear that character, 
and becomes transformed into a cylinder, which constitutes in 
itself a different system of foundation. The upper lengths of 
the pile are formed slifrhtly different from tl at carrying the 
scrow, and aro represented in elevation in Fig. 6858, and in 
plan in Fig. 6S59. A is the cap which, after casting, is turned 
in a lathe to ensuro a true bed for the girder to rest upon, and 
also to give a finish to the appearance of the pile. The average 
length of ea(^ separate casting is about 9 ft, some shorter len^ha 
being always oast in addition to bring the pile up to the proper level, as it might in some situationa 
be nearly imposrible to get it down for another length of 9 ft, supposing the preceding length was 
below the proper levd. Owing to the great lengUi of the piles in comparison with their lateral 
dimensions, they require to be strongly braced together by diagonal ties and struts, so that they 
should form a oomplete fhonework of rigidity and lateral stiffnesa. This is accomplished by the 
braces D, which are of the section shonai in Fig. 6360. They are connected to the pUes by means 
of the wrought-iron rings 0, which are fixed round their oirsumference, and are either riveted or 
bolted to the extremities of the braces. This arrangement is shown in plan in Fig. 6859. Flanges 
are cast upon the ends of the separate 9-ft. lengths, and they are thus bolted together, as at B in 
Fig. 6858. Of all the applications ma«le of the principle of screw piling, the most extensive is that 
carried out nuoa the Bombay, Baroda, and Gtntral India Railway. Upwards of six miles of 
bridges, in t£e aggregate, have been erected by their aid throughout the line. It may be 
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mentioDed that the Telodtr of the lloodt in riven aimllu to the Juduik Hid Nertodda naehed 

A niulmum of ten milea in hour, with an average depth of full; 40 ft. The portloD of the pils 
■bown in. Fig. 6358 ii that nblob Btandt above Uie level of low water. That beW that level, and 
also the part penetrating the bed of the river, han the flanges, hj which the Mveiml lengtha are 
bolted together, caat npon the hiterior Inatead of the exterior M the oircnmfbitnoe, to u to present 
no impedimeDt to tiie tcee descent of tlie pile through the ground. We have already aentjoned 
that the diameter of the pile ahoald not exceed certain limits, and it ii eqoaltv apparent that it 
ahonid also posteas a dimemion anffloientlj large to allow of a man getting inaide and bolting the 
difibrent leDstha together. Wherever the current acts in contrary directiuns, the piles mast bo 
atrengthened by the addition of other*, fixed in an oblique direction and tied to them at interrala 



and oompresaion. This U an Impwtuit print to h« attended to, tiS' a diagonal bar that wotdd 
Mlely reeiet a ooniiderable strain of tenalou wonld be of little or no nae If that atnin wen changed 
to one of the oppoeite oliaraoter. 

Screw pile* are well adapted for obtaining a foundation in dtuationi similar to that of a sand- 
bank, and where the usual means Konld be iinKTaihible. They have also baen much used in the 
erection of lighthouMB. 

A distinctioD must be drawn between sotew pUea, whi<A we have just described, and which are 
known aa disc piles. The latter are not actually screwed into the nonnd, but the earth is ioesened 
below them, and an alternating motion being imparted to them, they gradually sink down. They 
are particularly adapted for getting good fonndationa in sand, which is loosened bf forcing water 
or other Quid nnder a strong pre^mte into it, until it permits of the pile descending to a hard 
bottom. The diva pile has been suocesafnlly applied in several sandy localities by Branlees, who 
was the Brst to introdnoe this peculiar method of sinking them. 

The proper area of the lorew shonld be detemined by the nature of the ground into which it 
la inserted, whioh mnit be asoerlained by experiment. The eiiea need have exceeded 1 Ft. in 
diameter, bat the dimeniunu may be strictly eaid to be limited only hy the power available for 
foraing them into the gronnd. The screw pile has been extensively nied for moorings, and one of 
tte early fi ^f i^p W dengned by Mitchell ii shown in Fig. 6362. It wu designed to hold the bDoy- 





ohatn down. Before the mooring can be dis- 
plaoed by any direct foroe, a large mass of 
euth mnat be also displaced. The mass of 
earth thns disturbed is in the form of the 
Ernstom of a cone inverted, that (s, with its 
base at the surface, the iHeedtb oF tlio base 
being in proportion to the tenacity of the 
gnmnd. In the case of moorings, the base 
la sabjeotad to a pressure of a cylinder of 
water equal to its diameter, the axis of which 
Is its depth, and the water again bears the 
weight oF a oolumn of air of the diameter oF 
the cylinder. The depth in tne grouod to 
whioh screw-pile moorings have been sunk 
varies from 8 to 18 ft The former depth is 
■uffloient where the soil is of a firm and 
unyielding description, and the latter depth 
is enontrh in a weak bottom. 

In fixing these serew-pile mooringa, 
barges, lighters, poatooDS, and other similar 

means have been at diiTerent times employed. Two such vessels are Inshed broadside to each other 
with a oertain space between them, and moored over the desired spot. The screw-mooring is then 
loirered with the chain attached frnm the centre of the stage to the level of the water, and as it 
desoands to the bottom, the lengths of the apparatus for screwing it into the ground are ancces- 
slvely connected. This apparatus, represented in Fig. 6363. consisfe of a strong wrou^t.imn 
shaft in lengths of 10 ft. or 12 ft. each, connected with each other by key-joints or couplings, the 
lower end having a square socket to fit the head oF the centre pin or axis of the mooring. When 
the centre-pin r^rts on the Iwttom, a capstan is firmly keyed npon the abaft at a convenient height. 
The men then ^ift the capstan-ban, and apply their power while travelling round npon the alage. 
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the Mpcten baiiig lifted and Again fixed u the mooring ii wirewed into the gmtmd. The opention 
la ooDtinnfld until the men oau no longer more the aluft ronnd, or until it ii ooniidei:^ to be 
■orawed down to s soffloient depth. The ioatrunieDt used in trying the nature of the gnmnd km 
also employed in letting ita holding power. It oonaEited of a jointed rod 30 ft. in lenvtb and 1} in. 
in diameter, having at the end a spiral flange of 6 in. in diameter. It was rotated bj meana of 
oroM leren keyed upon the baring rod. Upon theae leTera, when the aorew waa iimk to the depth 
of 27 ft., a few boardi were laid, ftirming a platform Buffioiently large lo hold twelve men, A W 
wa« then driven into the bank at aome dialanoe, ita top being brought to the aame level aa that of 
the baring rod. Twelve men were then placed upon the platfoim to oacertain if their weiftht, 
togetber with that of the appaiatua—in all, alioat 1 ton— aulBced to depieaa the aciew. After 
aome time the men were lemoved, and the level was again applied, tiut nc aenuble deprenion of 
the aorew oould be obaerved. Tb« inlbteooe to be dmwn from thla experiment ia, that if a acrew 
pile of 6 in. diameter can anpport a weight of 1 ton, a acrew if 1 ft in diameter will (upport 64 tona, 
dnoe the area of their anrfaoea la aa the aqnaie of 1 to 8. 

Id patting np a lighthouse on the ooaat of Aiklow, in Irelund, where the aite «a« nnproteetad, 
with an open aea of aeventy mUea in front, and a great enrf of a eonaiderable foice incesaantlj 
beating on the ahore. it waa found impoedble to nee barges or any Boating bodies in the constmo- 
tioD of the vtorka. As a ateady footing for the men ia to a certain extent eeaential, it waa india- 
penaable that the aorewing down of the pilee abould be effeated from the work ilaelf. The method 
of oonatruDtion was very cheap and simple. The pilee were to be phwed 17 ft. apart In a direct 
line ontwarda. A projecting atage waa Iheiefore rigged up extendingthat diatanoe forward, with 
the other end tcmporarilr anDpartad by the ■(did part of^the pier. The acrew pile waa then mn 
forward* upon lollera, lifted by taokla, and plaoea rertically in the aitnation it wu Intended to 
ooonpy. A wheel 32 ft. in diameter, formed of capetan-bara loahed together at their ends, with a 
deeplv'grooTed end to each, waa keyed upon the bodv of the pile^ and an endleaa rope band waa 
panaed around it, and held in tensirai round a amaUer grooved policy fixed thonl 150 ft. back 
towarda the ahore. The tendency to pull the pile out of the vertical line waa reaiated by a 
gnide-pote with a grooved pnilej at ita extremity, which preaaed againit the ahoce aide of the 
pile. 

Theaa preparationa having been made, a number of men by hsniing in the endless band gave a 
rotary molW to the large wheel, and screwed the pile down Id ita plaoe with ease. The same 
operation waa repeated until the pilea were all down. The bottom into which the piles were 
ioaerled condatsd of an average depth of abont 8 ft. of sand and gravel upon a firm blue clay. 
Sorewa of 2 ft. diameter were auRloient, with wrought-iivn piles of 5 in. in diameter inserted in the 
gronnd to a depth varying Irom 12 to 15 ft. Screw pilee can be got down easily to a depth of ISfL 
into sand in an honr and a half, whereas ordinary timber pilea can acaroel^ be got down to a depth 
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clay with facility. Band generally girea trouble, eapecialTy if there hapjien to be too many stones In 
il,bnt nearly every deaoription of strata has been penetrated by them with the exception of abenlute 
rook. By a modification of the torew it might be made capable of penetrating soft chalh, in which 
it wonld find a nn good holding. Wroaght-lron pilea with large acrews on theoi hare been got 
down in sand to a depth of 19 ft withont any very gnat difficulty iKlog enconntcred. 

Instead of relying upon the anpporting power derived bom the extent of the frictional anif^ce, 
a direct4ieuing anrhee may be obtained by the nee of the screw and disc pile. Bmnleee, Instead 
of a dngle eylinder, anpioyed in thi) Ean Briuu Viaduor.near Lynn, for apana over 600 ft. aolnater 
of pilea, aa rapreaented in Fig. 6364, vary- 
bg in diameter according to the apan. 
Tboae ^kiwu in Fig. 6364 wen 18 in. In 
diameter, and the aorew had a diameter of 
3 ft 6 in. The spans were 111 fL The 
beiirlng surlaoe for each pile waa 8 S aq. ft., 
or for five, the number under each g&der 
41-5 sq.ft. The metal in the pilea, which 
were five in nnmber. waa equal to that of 
a cylinder of 4 ft. 4 in. in diameter, or a 
baae of 14'2 aq. ft. Br this plan three 
tinea the bearing is obtained with the 
aaaie amount of metal, without taking into 
aoi-ount the cmiorete or maaoury, which ia 
needed to proteot a cylinder, none of which " 
ia requin-d in the pUee. The form of the 

elea mnst be varied to anit the atrata it ia 
tended to penettate. For fine aanda, anch 
as irere met with in piling for the Horc- 
oambe Bay viaducts and Sonthport pier, 
the dhn (bnn shown in Figs. 6865, 6366, 
was need. At the former work the piles 
were sunk by force-pumps, worked by a / 
two-hone ateam-englne, and at the latter ( 
by the head of water on the main ptpea of 
the town anpply. In both these Instanoea 
the fotoe of water removed the aand &ODt 
under the disc, and the pilea were gradu- 
"j lowered aa tlie nnd was (breed npwarda. In the extenaion of Bonthport pier, the form ahown 
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ill Figa. 6! 
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Bobstitnte for the cuUen diown in Fig. 6864, in Older to get ihimigh the hftid ban 
frequently met with in the sands. These piles were sunk by the aid of two ardinaiy fire-engineB. 
Bnmlees used the oorkscrew form shown in Fig. 6S69 for hard 
gravel, shale, and soft rook, which were met with in sinking 
the piers in tlie river Meney. In alluvial deposits, both at 
home and abroad, tbe form represented in Pig. 6370. which 
is that of the ordinary bladed screw pile, was adopted. Out 
pi seventeen river bridges in Brazil, fifteen of them were sup- 
ported on piles of this shape. In one instance they were 
employed for a bridge of ten spans, in a depth of water from 
35 to 40 ft. 

Brunleee has used over 8000 of the various kinds of i>iles 
shown in Figs. 6364 to 6372. He considers that for iron 
viaducts there are no foundations so weak that piles might 
not be adapted to them, provided only that the spans are kept 
within moderate limits, and the piles numerous and of mode- 
rate size, so as to diifuse the load as much as possible. Fof 
pure sand the din pile ia to be preferred, but in other situar 
tions Mitchell's screw pile will be found generallv usefuL 
Bridk viaducts were screwed into position from a fixed staging 
in the usual manner. A disc was clamped tightly to Ihe pile 
and capstan-bars attached to it. The power was applied by 
two double-purchase crabs, ropes being passed round the cap- 
stan-lKurs in connection with these crabs. Six men worked 
at each crab, four in winding and two hauling in the slack of 
the rope. The stratum penetrated in two of the piers had a 
thickness of 7 ft of ola^ and marl, 2 ft of hard gravel, and 
9 ft. of strong clay, giving a total depth of 18 ft., to which 
the piles were screwM. The average rate of progress in the 6369. 

Eau Brink Viaduct after a pile had been pitched iuto proper 

position, was 8 lineal feet a aay. At the Sol way Viaduct where screw piles were abandoned, about 
twentv experimental corkscrew piles were screwed down to a depth of 8 or 9 ft. by horse power. 
Four leven of oak, bound round with hoop iron, each lever being 24 ft long, were fitted into a diss 
on the pile, and the horses worked at the end of the lever. By this method a pile was got down 
to a depth of 8 or 9 ft. in a couple of hours. Although the material in this instance was so exceed- 
ingly hard as to cause the piles to be driven, the expariment proves that horse power can be effeo- 
tually employed in screwing piles, where the sands of an estuary or banks of a tidal river are dry 
at low water. 

In screwing down the piles on the bridges of the Midland Bailway crossing the Avon, the piles 
were 2 ft 6 in in diameter, with a screw of 4 ft 9 in. in diameter. They were screwed into place 
from fixed staging by means of an apparatus which consisted of a solid cast-iron hexagonal shaft, 
bolted on to the head of the pile to be screwed down. This shaft was passed through the centre of a 
cast-iron wheel having a diameter of 5 ft. A sufficient space was left oetween the sides of the shaft 
and the sides of the opening in the centre of the wheel, to allow for the g^radual sinking of the pile. 
Teeth similar to those of a mitre-wheel were placed on the outer rim of this wheel. It was in fact 
a worm-wheel worked by a worm-screw fixed on a shaft, which was turned by handles very much 
like a common winch. At some of these bridges beds of thin shaly rock were met with, and were 
cut through bv having a piece of pile 9 in. long cast on below the screw. This piece was cast with 
saw teeth at the lx)ttom and with sharp ribs up its length, and these acted as cutters. By this plan 
rock of considerable hardness oould be cut through, and if it were sufficiently compact a hole 9 in. 
in depth and 18 in in diameter was made, which formed a capital seat for the foot of tbe pile, and 
helped i keep it in position, the bottom of the screw resting on the top of the rock. 

An ingenious method of using small screw piles for anchoring masses of brushwooa for the 
purpose of regulating the course of riven was observed in India by Goodwyn. The screw piles were 
about 7 ft. in length, as shown in Fig. 6373, and mode of iron | in. or 1 in. in diameter, the screw 
being 5^ in. in diameter, formed of sheet iron \ in. in 

thickness, and with about 2 in. pitch. Each rod was 6378. 

pointed at tiie Ipwer end and furmed roughly into an /^k^ 
eye at the top. The piles were screwed into their (W/^ 

IS 7^ 



7\0' 




places with hardly any exertion of btreugth, by means 

of handspikes. This plan was tried with great sue- ^ 

cess on the Ganges. It is something similar to the 

method practised by the Italians, and for the same purpose too. The name they bestow upon it is 

equivalent to what we should term elastic piling. 

See Docks. Ligrtb, Buots, and Bbaoons. 

PILLOW. FB.,'6'rath j Gbii., Zapfeniager^ or Pfaune; Ital., Frustagnoi Span.. Ahmhada, 

In mechanics a piece of metal or wood introduced into machinery with a view to support some 
part of it to equalisse tbe pressure, is called a pillow. See Pillow-block. 

PILLOW-BLOCK Fb., Oram cTun tonrUlon; GsB., Lagersitz; Ital., Sostegno; Span., Tefvdo. 

A pillow-block is a block or standard for supporting the end of a shafL It is usually bolted to 
the frame or foundation of a machine, and is furnished with bearings of brass or wood for diminish- 
ing the friction of the shaft, and a movable cover or cap for tightening the bearings by means of 
screws ; called also a journal-box, and a plumber-box. 

PINION. Fb., Pigwm, Gkb., Oetriebe, Ital., Rocchetto; Span., Pwion. 

A smaller wheel with leaves or teeth working into the teeth of a larger wheel or a rack; 
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eepedally if sooh a wheel has its leaves fonned oi the snbstanoe of the arhor or q>indle oa whioh 
it turns; is called a pinion. 

PIN-MAKmO MACHINE. Fb., Matehine afaire les ^pmgkai Gbb., MaacMne Mur FaMkation 
ton Stecknadeln; Ital., Macchina da spUli; Span., mdquinapara hacer alfilerea^ 

The ingenious machinery designed by T. and De O. Fowler, of Gonneotiout, n.S., for manu- 
facturing pins, is illuBtiated by Figs. 6374 to 6881. Fig. 6374 is a plan of Fowlers' machine; 
Fig. 6375, side elevation ; Fig. 6376, vertical longitudinal section ; Fig. 6377, cross-section through 
the rolling bed ; Fig. 6378, plan of the heading and cutting die and the rolling bed; Fig. 6379, 
plan of Fowlers' machine for finishing the pins; Fig.' 6880, an elevation. 



6374. 




a is a shaft transmitting power, and sustained on the bed of the machine ; c, , are bevel-gean 
driving the second shaft cf, firom which a belt 1 passes to the rollers e, «, that feed in the wire ; these 
rollers are pressed together on to the wire by suitable springs, and continue to project the wire into 
the machine whenever opportunity is given for so doing by the heading jaws opening ; when the laws 
are dosed, the roUers either slip on the wire, or the belt slips on the pulleys. The heading laws 
/, /, are operated by the cam g on the main shaft a ; and h is the heading die attached by the lever 
A' and cams 2, 2. 2. The wire passes into grooves between the jaws/, /, and is by them damped 
at each blow of tne header A, the jaws releasing the vriie slightly between each blow, in consequence 
of the flat places in the cam g, so that the feed-roUers can move the wire slightly endways, as the 
head is formed by the successive blows. It was once the practice in pin making to open the jaws, 
cut off the pin, and force it out ; this often causes the pin to jump out suddenly, and nence it does 
not pass properly into the next part of the machine ; such action is prevented in Fowlers' machine 
by tne flngper i, kept down by a slight spring 8, and occupying a cavity formed for that purpose in 
the nppNBr jaws /; the finger has a fiaring notch, so that the pin wire can pass along in the groove 
of the jaw / beneath; and when the pin is cut off and passed out of the jaws, tliis finger presses 
lightly on the pin, and ensures its proper delivery by the cutter k. This cutter k ia actuated hy tiie 
oam 4, and drawn back by the spnng 5. It has the cutting blade or end 7 acting to separate the 
wire, and with the projecting toe 8 carry the headed blank out of the jaws/, /, and deliver it int^ 
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Uie ftppMKhu where tbe pointing to poftmned. JUalbiidaliBft gnred toa brmttn-wbeclar'- 
tuid d latk worm driTing the wheel m oa the CMss-ahaft m'. Thto aWt m' hu im it gmn 10 aid 
111 the rormpr ooimeeta to ud diiTsa the wheel mnd lolUng bed n n the ihaft IS. TheMUiiig 
beil u compolad or riagi ke;ed or noured on to the ibMtt, and reeeiring between them the notobed 
nin-wheela o, o, Fie. «871 ; and thew notohed pin-wheeli tire drixeo br the lesm 1 1 ~ ' 
ibe wbeeU 10, 11, In r""'' "■-* *'"■ —-*■■— -» 'i '" — l-j _ . 1_'._._. _ . . . 




in ILe wheeU o, e, eo th&t each pin pkoed in the notobee of o, b; being detlTsred bun the jftwe, la 
lolled round coiutMitly by the joint opetstiou of the rolling bed n, notched ptn-wheeU a, o^ and ft 
nalstiDg Btationerj sorEMe p, formed by b atrip of metal between two projeirtiQe srma 14. 15, the 
latter of wljjch ii fitted to turn, and ptcvided with a lever IS and weight or Bpring to keep the 
metallic atrip towardB the rolling bed, with the power and teniion n^ccMarj to eanee the puu to 
roll. 17 ia a thin leather belt between the ebip p and the pioi to m&ke a better bearing nirboe lixt 
the pin* to toll agalntt, and tbia belt ia wound on a ttod 18, by tlw taming of wUoh the belt Mn 
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be dnwn thiongh nsdu the rtripp 
to bring K nev [neoe of tbe bait to 
the proper plMM in CMS irf one put 
waaring out. 

The piiu M delirered bom the 
cntting and bMding jftwv into tbe 
Dotohed wheels o, o, ue by them 
ouried Dp, and » ihield 19, Fig. 
6378, prerente their blling out, [ 
while an incline 20 alidee them 
endwajB until the be*di of the 
pina t^e the noore 21 in h; and 
ihield 22, behind tbe hesd& pre- 
Tenta the pini being 'mored end- 
ways aa pouted. A email gcoored 
cxnnpreudon - plate 23, extended 
ttont 22, preaaaa on the pin-beada 



aa they roll beneath it, and, I^ 

in with the groore Si, 

comprMBea and lolla down ■ 



Blight burr or inequality in 
heada. The pina after being 
pointed (all out into any initable 
oanduetor or leceptaele, or are rs- 
moTed from the notched wheele o, o, 
by a email atationary tongue of 
netal, and fall Into a trough or 

Tlia deTioe for pointing eon- 
■iata of aaveral Blea or cutten ; 
we have bImwu tour, two of them . 
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haye a long sweep or moTement for taking off the metal and shaping the point, the other two have 
a less movement, and are finer oatters to burnish and finish the poinii. Kaoh of these oottcsZB «, s^ 
if t, is formed with a slide on the npper part, working through an ann «, extending from the mroh w, 
and springs 24 proosing the cutters down* Tiie arms «, ti, may be adjustable by set screws^ ao as 
to prevent the cutters touching the edge of the soiling bed n, or remoring too much of the pin poiiit. 



6378. 




•880. 
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The cutters b, «, are reoiprooated by the lock-ehaft to and connecting nd lo* to the ciank-pin 25 on 
the end of the Ehaft d; and the cutters t^ t, are reciprocated by the lock-shaft x, connecting rod x^, 
and lever SB*, operated on by cam 26 on the shaft d This cam, having three or moie points, gives 
a short quick movement to the finishing oatten t, if while the toughing oatten 8, s^ reoeiYo alongw 
and slower movement* 



ris-uixma haohine. 2M9 

The stationax; resbting Burfboe p being ourred to tha toUiug bed, a thin plate only need be lued 
onder leomoa, andtliiu but little apaoeiiocoDpied above the pin; cutters of any deaiied length can 
be ueed and made to vibrote freel; over the poiota ; this is of conoiderable imDortance, paiticDlarly 
in pointing iron pini. Tbs moTemeot given to the ontlen liDin the nick-iha/t w dteeMi the points 
in a convex onrred form, the best ahape for penetrating eaaily. 

It irill be seen that Uie pina roll under the outtera, and that theee entten, acting on the same 
aide aa the stationary teaistug sntfaoe, do not Interfere in the least with the piu rolling freely and 
rerolvlsg m it rolls. 

The nuMhlnery above deaoribed is etpedallj adapted to making pins out of iron vire ; vs there- 
fbre proceed to describe the mode of flnixhing sneh iron pins. 

I^na were formerly formed of iron b]^ the ordioary onttiog, heading, and pointing mai^htneiy, and 
anerwards coated by boiling in tin, Bimilar to brass pins ; but the coating put on is bo thin that the 
Iron Irliable to discolour and mat. When a thicker coating of tin is pat on tlie pin by dipping the 
pins, or by ttay ordinary procen for depoaiticg snob oaadng metal on the pins, they benmie very 
longh in their aurfaoe, so that they will not pass into or through anv fabric with ease, because such 
eoaung exists on the surface In minute giaaulu. If the pins after being thus coated are subjected 
to any of the known poliriiing operationB, snob as the levolTing or shaking box, tlie ineqnalitiee ot 
surface are not removed, and oimsideiable power is required to stick the pin in the tabke, as well 
as giving an nnpleaaant aensalion to the band. Fowlcw machinery finishes the pins, when coated, 
by a lolang and cocopreasli^ operation, in which the nannies are ornshed down to a perfect bevel, 
and the jdn randered smooth and aniform thionghout its entire length. To aooomplish this, they 
make nae of a wheel «■ nxmnted on a shaft c', that ia nutalned on a btae b', and rotated by the 
fly-wheel d>, Figs. 6379, 6380. f'ia 
the oondnolor on to whiob the jiina 
are placed, whence they pass down 
the onrved end of the condnotor, 
and lie horixontally, aa seen in 
- Fig. 6S81, which is a vertioal 
section at the line a\ a>. Fig. 6870. 
From the oondnctM the ^ns are 
sepaiftled, one at a time, by tbs 
slide g', that is moved \^ the 
lever h', acted on bj the pins i*, >^, 
at the back of the wheel «<. ^ is 
a spring to keep the lever A* 
towuds the pin i'; I* is a slide, 
acUng on the levers m*, set on the 
fiilorum SI, and formed with a 
ohisel-shnped separator 32 ; S6 is 
a spring acting against tiie end of 
the lever m*. p' presaee a pin along 
. from beneath the end of the con- 
ductor to be acted on, at which 
moment the separator S2 is drawn 
back, and the line of pins leets <hi 
the slide a'. Now, as the slide t;' 
draws back, the separator 32 passes 
Above the lowest pin, nutaining 
the others above ; white this lowest 
^ &lls on the wheel e' as elide g' 
oiawa from under it. n' ie a spring 
oooipressinK platej coinciding near 
its end with the snape ot the edge 
of the wheel e'. 87 is a screw, Ey 
which the spring oomprestlng plate 
is Icept towards e' with more or 
less power. The end of this plate 
«■ is slightly bevelled, so that eaoh 
pin is preined In between the 
wheel »' and plate n'. The revo- 
lution of the wheel «' rolls tiie pin 
Monnd, and, both surfooes bang 
Tenr smooth, all the inequalities 
and nmghness omseqnent on the 
tinning operation are rolled down, 
and a psrfeeUy smooth and lii^T- 
flnlshed pin Is prodnced. The 



peneci operauoo ana onuoimiiy oi 

pessore oo (he pin. The point is flnlsbed up bj the vlbnOlng polisher o'. kept on to the 
by the sprina p', and vibrated by the joint operation of the spfing 33 and a mtIm of teeth 85 ai 
tho bMk of the wheel e', acting m ft stod H from Uw lUda o'. 
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PIPES. Fb., Tuyaux de oonMte, Tubes; Oeb., JRIthrm; Ital., Tubo; Spav., Tuboa. 

The adTauoe of engineering science has raised the sabjeot of pipes and piping into one of great 
importance. The improvements recently effected in the manufBustnre of tbo9e articles has Tastly 
extended the field of their application, and it seems prohaUe that the future will develop their use 
in a still higher degree. The ancients, as far as we are aware, made only a very limited use c^ 
pipes; though the Romans, many of whose works yet ronain as monuments of ti:ietr knowledge and 
slnll in hydraulic engineering, carried their systems of town water-«upply to a high degree of 

Srfection, tbev everywhere preferred brick or stone conduits to the lead piping which alone they 
d at their disposal. Only in cases where no alternative remained did they resort to this latter 
mode of oonveving more than very small quantities of water, and the extreme timidity with which 
they employea it in such cases, as shown by still existing works, testifies whence their reluotaoce 
proceeded. Nor was this timidity ill-founded. The mat^al, as we have said, was lead, and the 
mpes were made of long strips by bending them upon a cylindrical object and joining the^dges. 
Thus they were ill-adapted for the conveyance of water under pressure. The improvements of 
recent years, however, by which lead pijpes are readily formed without a joint, have removed the 
latter source of insecurity, and rendered them applicable wherever the oharaoter of the material 
may be considered suitable. A far greater advance was the adoption of iron as the material of 
construction. The nature of iron being such that pipes may be made of it of any form and dimen- 
sions, and capable of withstanding any pressure, the difficulties that attended their employment in 
former times no longer exist. Hence the general substitution of a system of pipes for tnat of stone 
or brick conduits, as well as their application to numerous oth^ important uses. 

Another material, that of stoneware, has also assumed a rank of the highest importance for pipes 
designed for drainage purposes, and the degree of perfection to which their manufacture is now 
carried promises to develop their use still further. 

Iron Pipes. — Both cast and wrought iron is extensively used in the manufacture of pipes ; the 
former kind is, however, the more frequently employed, as water and gas pipes are made almost 
exclusively of that material. In some respects the nature of cast iron is more suitable for pipes to 
be used for those purposes than that of wrought iron. The tensile strength of the materul is, in 
such cases, of less importance than its ability to withstand compression, for the weight of the eaiih 
pressing upon a water-main laid several feet oeneath the surface is usually greater than the internal 
pressure of the water, while in the case of gas-pipes the strain is practically one of compression 
only. But a more important quality is its susceptibility of being moulded into any reauired shape^ 
— a quality that renders it well adapted for the formation of pipes, varied fonns of wtdch are eon- 
tinually required. 

The manufiicture of east-iron pipes is, however, attended with more difficulty than usnally 
attaches to castings of a different character. The thickness of the metal being oft^i no more than 
half an inch, anv imperfection causes a serious diminution of strength, and this slight thickness 
increases the liability to imperfection. Oast iron is classed according to the amount of carbon in 
combination with the iron, and the proper admixture of the various kinds in the foundry is a matter 
of the highest importance. The dinerent kinds of iron have different points of fusion and different 
rates of cooling ; therefore, if a due admixture be not made, one portion will be fused before another, 
and consequently will be burnt before the remainder has been raised to its proper degree of heat; 
or one part becomes solidified while the other remains in a stale of fusion, ana hence the itasting 
will contain within itself the elements of its own destruction, by being brought^ into a state of 
unequal teiision, or, as it is technically termed, hide-bound. A hide-bound pipe' is liable to be 
destroyed by a sudden and sometimes slight change of temperature, a cold rain being especially 
likely to cause fracture. Baldwin Latham mentions a case that came under his notice at Qroydon, 
where a 12-in. main, 4 in. thick, which, previously to its being laid, had been subjected to a jprea- 
sure of 500 ft. head of water, burst in several parts with a pressors of oAhr 150 ft. head, after a 
heavy rain followed by snow. Inquiries proved that these pipes had been hastily made, and had 
become hide-bound by being too rapidly cooled. Metal whicn nas been reheated in the air-fumaoe 
has been found to possess a somewhat greater tensile strength than metal which has not been so 
reheated, and it is the practice of some manufacturers to repeat their castiogs for pipes in the same 
way. But more frequently the^ are cast direct from the blast funuce. No harm can result from 
this latter method if due care is taken. The experienced workman knows by Uie bloom upon the 
molten mass whether or not it is fit for a pipe-casting, and if unfit he pours it into pigs to be 
remelted with an admixture of other kinds in the air-fumace. 

The presence of phosphorus in the iron renders it brittle and very liable to fracture ; this quality 
is technically known as cold-short. Oold-short iron should never be used for pipes. The presence 
of arsenic, on the contrary, is said to improve the quality of the ixon. It is, perhaps, soaroely neces- 
sary to state that castings for pipes must be kept free of scoria end air-bubbles. The presence of 
the latter may often be detect^ bv sounding the pipe in every part with a hammer. Whenever an 
air-bubble is detected; or even if its presence is suspected, tne pipe should be thrown aside as 
dangerous, if it is to be subjected to considerable pressure. To prevent air^bubbles remaining in 
the metal, pipes are often cast with a head, that is, with a mass en metal above that requisite for 
the pipe itself. This head compresses the mass below, and receives the air-bubbles which ascend 
into it. When the casting has cooled, the head is cut off Pipes produced in this manner are 
stronger and much more trustworthy than those cast without a head. 

Small pipes are usually cast horizontally, or inclined at an angle of 45°. When large pipes an 
cast in this position the cores have a tendency to float, and so to give a greater thickness on one side 
than the other. Moreover, pipes which have been cast horizontally are not so strong as those which 
have been cast vertically. Tne latter position should therefore be adopted for all tmt small pipes. 
The same defect of having a greater thickness on one side than the other may occur in pipes 
cast vertically if care is not taken to place the eon truly coneentrio, or if it warps during the 
process of drying. In vertical castings the socket end of the pipe is usually plaood dov&ward% 
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bat UhlB position may be roTaned if reqiiired. It ift important that all pipe-castings slioDld be 
ftroly cylindrical, as otherwise the spigot ends will not fit the sockets. The tnickness of a cast-iton 
pipe is determined as mnch by the nature of the material as by the strain to which it is to be sub- 
jected. Cast iron is slightly porous, and is liable to many and considerable defects in casting, 
especially when the metal is thin, as in tne case of pipes. Therefore a sufficient thickness u 
always given by the founder to ensure a perfect casting. This thickness, except for very »tni^ii 
pipes, is never less than h in., and as a pipe i in. thick is sufficiently strong to bear with safety any 
ordinary pressure, it may oe stated thai, for ordinary cases, any pipe is, with respect to its thicknesd, 
sufficient for the purpose required. When, however, the pressure is to be excessive; <»r when the 
pipe is to be anbjected to shocks, the proper thickness must be found by calculation. 

All pipes berare being used dioula be tested by hydraulic pressure up to three or four times the 
head they will have to bear. Thev should also be carefully rung all over the surface with a hammer 
to detect the presence of air-bubbles. As to appearance, they should show on the outer surface a 
smooth, clear, and continuous skin. When broken, the surface of fhusture should be of a light 
bluish-grey colour and cl ose - g r a ined texture, and both colour and texture should be uniform. It 
may be remarked, however, that the colour will be somewhat lighter, and the grain closer, near the 
skin, in consequenoe of the chilling which takes place there in casting. The iron should be soft 
enough to be slightly indented by a blow of a hammer on the edge. 

In calculating the requisite thiclmeBS of a cast-iron pipe under given conditions, it must be borne 
in mind that, whatever care is taken, it is impossible to keep the core always perfectly oentral, and 
that, therefore, a pipe will have an excess of metal on xmB side, and a corresponding defect on the 
other. And as the strength of a pipe depends upon its weakest part, due allowance must be made 
for this defect When all the imperfections to which a cast-iron pipe is liable are taken into considera- 
tion, it will be seen that, to obtain perfect security from accident, the fiaotor of safety must be taken 
large. Many engineers take it at six, others at ten , the latter we think the most prudent course. 
The passage of heavy traffic abng the roads, and the turning off of cooks, frequently Dring a sudden 
strain upon a pipe, which the nature of its material is ill-adapted to bear. It is a oommon praotioe 
for engineers to calculate the weight of a pipe of the requisite thickness, and to specify the weight 
rather than the thickness, leaving the founder to fix that for himself, which long practioe enaUes 
him to do with considerable precision. Absolute ooneotness, of course, cannot M obtuned, and a 
margin of 1 lb. to an inch eitner wav is usually allowed. 

The resistance which a pipe ofiters to the internal pressure tending to burst it is equal to the 
cohesive strength of its two siaes, and t)ie effective area of that pressure is the internal duuneter of 
the pipe. If the tensile strength of cast iron is taken as 15,000 lbs. to the square inch, the thick- 
nesB of a pipe to be subjected to water-pressure will be given by the fonnnla 

•i^= 0000288 HB, 

in which H represents the head of water in feet, and B the radius of the pipe in inohea. 8ub> 
Btituttng the diameter for the radius, the formula becomes '0000144 H D. A pipe having thia 
thickBess is strained up to the bursting point If we take ten as the feotor of safety in accowance 
with the opinion expressed above, we have as the formula givine the requisite thickness in practice, 
izs 000144 UD. Thus, suppose a 10-in. pipe to be subjected: to a pressure of 200 ft head. The 
requisite thickness, as given by the formula, is -000144 x 200 x 10 s 288 in. This is less than 
the neoeseary praetical thickness to which we have alluded above, and therefore the least thicknejs 
that can be oast will possess an excess of strength in this case. If the bead were 400 ft the thick- 
ness woold be '000144 x 400 x 10 = '576 in. In this case, the specified thickness would be | in. 
Pipes are usually tested by hydraulic pressure up to twice their woridng pressure^ and engineers 
freouently calculate the thickness from this head. But if the factor of mMj is taken equal to ten, 
sncn a proceeding can hardly be oonsidered Justifiable. 

Molesworth gives the following fofmula for finding the thioknesi of oast^iran pipes ,v-» 
t = 000054 H D + JT, in which H and D have the same signiflcation as above, and « is a coostani 
quantity equalling '87 in. for pipes less than 12 in. in diameter ; * 50 in. tor pipes ham 12 to 80 in., 
and '60 in. for pipes firom 80 to 50 in. in diameter. The example given above, calculated by this 
formiila. beoomes 000054 x 400 x 10 + 87 = 586 in., a result nearly identical with that given 
by the nrst formula. Tne formula generally used by French enffineers is t s OOlOnJ + *05b, in 
wnich t as the thickness in ihiotions of a m^tre, n = the eflective pressure in atmospheres to the 
SQuare mHre, and d = the diameter of the pipe. The constant quantity, 008 mifetre, is the excess 
of thickness given to render the pipe capable of bearing a sudden shook. The water^pes of Paris, 
as well as those of several other large towns of France, were calculated from this fonmua. 

The weight of a cast-iron pipe may be found by multiplying the eubical eontents in incnes by 
*26 lb., the weight of a cubic inch of cast iron ; or the weight of a yard may be detennined by the 
following ibrmula; W = 7'35 (D* -- d^ in which D represents the outside^ and d the inside dia- 
meter inmches. Theweightof twommgesis equaltoabcmtlftof pipe; themQoetaddsf^om-^tO|^ 
of the weight of the pipe. The usual length of a cast-iron pipe, coLolusive of the frraoet, u 9 it 
Suppose now 10-in. pipes are required, capable of bearing safely a prearaxe of 400 ft of water. We 
have shown that in, this oase the requisite thickness is f in. The outer diameter will tberefcKe be 
11} in. Henoe, the weight of the whole pipe will be 

• p. ». r«A« m^ ,AAN . 22-06 X 26»56 ^. - 
8 X 785 (126*56 — 100) H r^ = 624 Iba, 

taking the weight of the faucet as ^ that of tho pipe. The weight specified to the founder will 
tiius beScwt 2qr8.8 lbs. And allowing a margin of 1 IK to the ineh of diameter, the pipe delivered 
may weigh anything between 5 owt I qr. 26 Iba., and 5 owt 2 qrs. 18 lbs. 
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We oomo now to oonsider certain mattery connected with the nse of iron pipei ; and first in 
importance among these is the resistance which their walla oflbr to the passage of water. In every 
system of town water-enpply or drainagei the Motion of the water in the long soooession of pipes 
through which it is conveyed, causes a considerable divination in the quantity discharged under a 
given head of pressure, and the extent of this diminution, or as it is usually termed, the loss of head, 
must be aseerfaiined before the diameter of the pipe requisite to convey a oertain volume of water 
can be determined. It has been found by experiment that this friction depends on the velocity 
of the water and the diameter of the pipe, and tnat it increases very rapidly with the velocity. The 
very elaborate experiments devisee! and carried out by M. Darcy have led to the establish- 
ment of formulsB which give the value of the friction with sufficient accuracy for practical puiposea. 
Let A be the sectional area of a pipe) 6 its border or inner circumfiBrenoe, and / its length. Then 

A 

^6 is the factional surfiice, and -r is the hydraulic mean depth, which, for cylindrical pipes running 



fall, is obviously one-foorth of the diameter. Then F s j-^ t ^ ^^S ^® friction between the water 

and the sides of the pipe, D its diameter, and /a coefficient, the value of which, as given by Darcy, ia 

005 ( 1 + -77: — 77— r: )• m being substitated for I D. Usually, however, formuliB for the dis- 
\ 48 m (feet)/ ° 

charge of pipes or the requisite head of water are employed in which this frictioa is taken into 

aocooni The following are of this kind ; — 



^/ (3 cQ* X H G«xL _ (3dy xH "/ G* x L 

G..V ^ H=-^^, L = g5— , d^V-.g^+a 

In which G = the discham in gallons a minute, H = head of water in feet, L = length of pipe in 
yards, and d = diameter of pipe in inches. Thus, let it be required to find the discharge of a 6-in. 
pipe 2500 yds. long under a head of 50 ft From ibe first fonnula we have 

O = V'^S^= gxlo,.18 + log.60- log 2500 ^ ,^ jg,., ^^ 

2oUu a 

Again, let it be reonired to find the diameter of a pipe 2900 yds. long, which, with a head of 50 ft, 
shall be capable of discharging 194 '4 gallons a minute. From the fourth fonnula we have 



^^^(1944yx2g00^3^2xU.g.m-4+log.2S00-l<.g.50_ 3^^ 

50 5 o ^o 

In a similar manner H and L may be found firom the second and third formula. These formulss 
are given by Thos. Box in his Practical Hydraulics, and the Tables given in that valuable little book 
wero calculated from them. They give very accurate results, and are very convenient in practice. 
Other formulie are, however, in common use. The following, for instamoe, known as £ytelwein*a, 
is very generally employed ;— 

W = 4 72 \/5L d = 588\/^ . 

in which W is the discharge in cubic feet a minute, and L the length of pipe in feet "D and H 
having the same value as in the preceding. The foregoing example calcinated by this formula becomes 
g X log. 6 + lofr 50 - log. 7500 ^ ^ ^.^ ^ ^ ^,^ ^^^ ^^ ^^ ^ ^^ 

or about 9 per cent more than in the flbrst case. Another formula known as Hawkdey^s ia 



^ a/(15 D)» H ^ ^ , ^VG* L 
G = V i ^ — , whence D = ^V -=- , 



G being the discharge in gallons an hour, and H, L, and D have the same signification as in the first 
case. With this formula the example becomes ^ x log. 90 -Hog. 50 - log. 2500 ^ ^^ ^^^ ^ ^^^ 

gallons a minute, or about 7 per oent less than in the first case. Neville*s general formula, fh>m which 

many practical tables have been calculated, is as follows ; e = 140 »j7i — 11 Vr a, v being the 
velocity in feet a second, r the hydraulic mean depth in feet and a the sign of the inclination, or the 
totol filkll divided by the total length. In cylindrical pipes the discharge in gallons a minute 
If 293*7286 d* v, d being the diameter of the pipe in feet Taking again the same example, 
we have 

log.l40+ '«^-^'°-^^''^-'^ -(log.n + ^°g-^^+^*^-<^ )+log.-25+log.m7^^ 

=: log. 219*3 galloDS a minute, or about 13 percent greater than in the first case. When the great 
length of pipe is tiJcen into consideration, the difierence in the results obtained by these several 
foimuUB will be seen to be of little practuaal importance. 

It must be remarked that the preceding formuln apply only to dean pipes. DarcVs experiments 
showed that the effect of corrosion was to double the friction ; conseauentlv it will be necessary in 
the case of corroded pipes to double the head due to fricticm as fonna by ue formuln. A case ia 
reoQcded as having oocorrod at Torquay, where a main about 14 miles long, OMnpoeed of 14,267 yds. 
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of 10-iiL, 10,085 yds. of 9-iiL, and 170 yds. of 8-in. pipe, delhered only 817 gallons a minnte irith 
465 fL head. An ingeniouB acraper, worked by the pressure of the water, was passed several 
times through the pipes, the result being a disdiajge of 634 gallons. The best preseryatiye for 
cast-iron pipes agamst oorroeion is a coating of pitch, applied both inside and put, by a process 
which makes it penetrate the pores of the iron and adhere very firmly. Angus Smith's process of 
bUu^ enamelling has proved very effioioions. It can only be applied while the pipes are new and 
hot, and must consequenUv be done by the founder. 

Besides the loss of head from friction, there is frequently another loss due to change of direction, 
caused by bends and angles in the pipes. When the bends are of laige radius and are not numerous, 
their influence may be neglected, but angles and bends of a small radius occasion a considerable 
loss. The most oonyenient formulsB applicable to such cases are the following; — ^For knees, 

H= •OlSSY'K.andforbendsHr: •0155V*(|~lV in which His the headoi water in feet, V 

the velocity of the water in feet a second, A the angle of bend or knee with forward line of direc- 
tion, and K and L are coefficients for angles of knees and curvature of bends respectively. The 
values of K for angles of 20°, 40°, 60°, 80°, 90°, 100°, and 120°, are respectively 046. •139, 
-364, *74, *93, 1*26, and 1*86. The values of L when the ratios of the radius of the centre line 
of bend to radius of bore are 1, 2, '8, '4, '5, '6, '7, -8, 9, 1 0, are respectively 131, -138, 
' 158, '206, 294, '44, 66, 98 1*4, and 2 0. Weisbach's fonnuhi for the resistance of bends is, 

B = -|o 131 -hi 847 (-|:W, and for knees B = 0-946 8in.*| + 2 05sin.*|, in which (f is the 

diameter of the pipe, r the radius of curvature of its centre line at the bend, $ the angle through 
which it is bent, and w two right angles. The first of these formuln may be modified into the 

following; H = | 0-131 -H 1 847 x ("s-)*} X ^.^ , in which H represents the head in inches, 

due to the change of direction, r the radius of the bore of the pipe in inches, B the radius of curva- 
ture of the centre line of the bend in inches, and V the velocily of diBcharge in feet a second. 

To the head due to friction and to the resihtance offered by bends, there yet remains to add the 
head due to the velocity of entry. In long mains this quantity is so small a proportion of that due 
to friction 'that it mav be ne^ected without sensible error ; but in short pipes it may be much 
g^reuter than the head due to friction, and therefore in such cases it cannot, of course, be neglected. 

This head may be found by the formula H = (m'—io) v ^ which H is the head in feet, d the 

diameter of the pipe, and G the discharge in ^lons a minute. Thus it wUl be seen that the total 
head consists of three parts, that due to friction, that occasioned by the changes of direction, and 
that due to the velocity at entry. 

A long main is usually composed of pipes of different sizes, and in computing the discharge 
of such mains, the head for each must be separately calculated, and the total sum taken. Buppoee, 
for example, we have a main consisting of 500 yds. of 8-in., 200 yds. of 7-in., and 100 yds. or 6-in. 
pipes, through which it is required to discharge 200 gallons a minute. For the friction of the 
8-in. pipe we require a bead of 2 - 50 ft., for that of the 7-in. a head of 1 * 96 ft, and for that of the 6-in. 
a head of 2*10 ft. The total head requisite for the whole main is 2 50 -h 1*96 -h 2*10 =6*56 fL 
To this must be added the head due to the velocity of entry, and, if there are bends, that due to 
changes of direction. 

When it is required to determine the disrharge through such a series of pipes with a given 
head, the case does not adroit of a direct solution, because we do not know beforehemd in what 
proportions the given head is to be divided among the different pipes. We must therefore, in such 
cases, apply the general law that the discharge of any pipe^ or eeriee of pipen, is proportional to the 
equare root of the head, and, conversely, the head is proportional to the square of the discharge., For 
example, suppose in the above case we have a head of 10 ft., and it Ib required to determine the 
discharge. Assume a discharge of, say, 200 gallons a minute. It matters not whether the assumed 
discharge is near the truth or not. The sum of the heads required is, as we have seen, 6' 56 ft, and 
we wiU suppose the head due to velocity of entry and changes of direction to be *19 ft The total 

VlO X 200 
head will thus be 6 75 ft. Then by applying the above general law we have — . = 243 

V6-75 
gallons, the actual discharge. 

The sizes of street service-pipes for a town water-supply are not calculated by the methods 
applied to the maina It has been found by experience that a certain size lead pipe is necessary 
for a house oontaining a given number of rooms. For an intermittent supplv, the usual sizes are 
}-in. pipe for a house with 7 rooms, f-in. for 10 rooms, f-in. for 16 rooma, and 1-in. for 25 rooms. 
The number of service-pipes which a main of a given diameter is capable of supplying is known 
from the general law, that when the head and length are constant, the diwharge is directly as the 
2*5 power of the diameter. Thus 4*** = 32, and therefore we may admit that a 4-in. main is 
capable of supplying 32 1-in. service-pipes. All distributing pipes must be adapted to the greetest 
hourly demana, and to the requisite head in the streets. The tutal length required is about a mile 
to every 2000 inhabitants. Service-pipes should, whenever practicable, be connected at both ends 
with mains so as to have as few dead ends as possible. When the diameters of the principal mains 
have been computed by the proper formula, thcee of the branch mains may be easilv deduced from 
them by the rule that with equal virtual declivities, the diameters of pipes are to be proportional 
to the squares of the fifth roots of the quantities of water they are to convey. 

If a number of open-topped pipes were inserted at various points along a main, the level of the 
water in these pipes woula mark the line of virtual declivity, or, as it is frequently termed, the 
hydraqlio mean gradient This line of virtual declivity commences at a pomt in the reservoir 
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Tertioally above the mouth-piece of the pipe, at a depth below the top water equal to the loss of head 
due to the velocitr of flow in the pipes and the friction of the mouth-piece. The mode of deter- 
mining it is to calculate the loss of head for a series of points in the course of a pipe, and having 
determined it, care must be taken in laying out the levels that no portion of the pipe be above this 
line. The reason for tlus is, tiiat at all points in the pipe situate above the line of virtual declivity 
the pressure is leaa than that of the atmosphere ; in other words, a partial vacuum is formed. And 
as water contains a certain quantity of air, the latter would disengage itself from the water and 
accumulate at these points. A pipe in such conditions is called a siphoo, and unless means are 
provided for getting rid of the accumulations of air, it is incapable of conveying water. 

The joints in j&es are usually made either by means of flanges or by spigot and socket. The 
former of these metnods is always used for pumps, and usually whenever water-pipes have to be set 
vertically. It is also well adapted for joints that are required to be frequently loosened. India- 
rubber rings form the most convenient kind of joint for flange-pipes. Spigot and socket joints are 
generally used for water and gas pipes, for besides being more economical than the flange, they 
possess the advantage of allowing a departure from the strictly straight line by slightly enlarging 
the diameter of the socket When the plain end is made to fit the faucet or socl^t exactly, the 
joint is made water-tieht by means of red-lead paint; in such cases, no deviation from the straight 
line is admissible. When the spi^t and socket are made to fit loosely, the joint is run with lead ; 
and if the socdcet is made sufficiently luge, considerable deviation may be obtained. It must, 
however, be borne in mind that a good joint cannot be made if tlie socket is much larger tlian the 
spigot. The foUowinf TaUe of the proportions of joints for cast-iron pipes, taken ftom Box's 
Practical HydrauUrauuiowB the most approved practice in these points ; — 
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When a joint in a pipe has been made, it is liable to fracturo from the settling of the ground. 
To prevent this, care should be taken to form a good foundation, and to make the pipe bear from 
end to end. When the ground sinks beneath a joint, that and the next two, one on each side, 
must necessarily be broken, and the slightest subsidence is sufficient to cause this rupture, since 
the whole weight of the pipes, with that of the superincumbent euih, is brought to bear upon the 
joints. If the ground settles down between two joints only, the subsidence of the earth above the 
pipe tends to rotate the latter, and so to rupture the joint The same eflect is of course produced 
if the pipe bears only at the ends. A joint may also be broiten by the careless fiUing-in and ramming 
of the earth, or bv the weight of the workmen before a sufficient depth of earth has been laid 
upon the pipe to destroy the shook of walking. Attention is usually paid to these matters in the 
case of stoneware pipes and clay joints ; but when the pipes are iron and the joints lead, they 
appear to be suppoaea capable of withstanding any possible strain or shook. The fact is, however, 
that a lead jomt is very easily ruptured. It is extremely probable from the manner in which 
water-pipes are laid that a vast number of the joints leak, thus causing a great loss of water 
in the case of a town supply. Water will not show itself on the surface of the ground unless 
the upward is the easiest direction, and in two eases out of three it will not be so. Tiie loss, there- 
fore, goes on unperoeived. In support of these assertions, we may quote certain £scts laid before 
the American Society of Civil Engineers at New York, on the 19th of Maroh, 1873. Joseph 
Whitney, of Cambridge, Mass., in a paper on Leakages in Pipes, referred to the great and growing 
increase in the consumption of water. Rarely is a report of water-works issued which does not 
refer to this increase as something remarkable, and, at the same time, unaccountable. Whitney's 
attention was called to this subject at Cambridge, where, for three years preceding, the water- 
pressure had been growing less, causing mudi hieonvenience and insecurity m case of fire. This 
was ascribed to the great number of users from one main, an 8-in. pipe. In a particular houm 
the water scarcely rose to the second story, either during the day or at night. After inquiry, a 
series of observations were made with siphon-pipe and pressure-gauge, for the purpose of deter- 
mining the cause. These observations were made in tne morning when the consumption was 
nearly nothing ; and in one case, by shutting off certain sections from the main — say, a 4-in. or a 
6-in. pipe — a large leak was revealed where the pipe, laid in a street filled with oyster-shells, had 
parted. In another case, when the gate was dosed, the water in the siphon at once rose 16 ft., 
equal to about two stories of an ordinary house. The pipe, about 600 ft. long, and laid upon 
marshv ground, was examined, and the leak found in a joint, whore the two parts had been 
entixely separated by a settlement of one section. These and other leaks which were detected by 
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dmilu DMNii wen okaed, and thni, without vij increue of size tn the msiiu, an additiODml head 
of 35 ft. wM MonKd, uaply Buffioient to give a full supply to erery bouse io tha looslit;. Otwer- 
TBtioiu were then made upon the roMrroir during the ught, uid u there wu erideooe of atUl 
exiiting leakmge, further eiperimentB were nnderUken apou the pipes throughout the city. The 
resnlt of theae experiments was the dlicoTerj of no fewer than Ivw himjrta teala of from onttotao 
Uauandgalbmt an fumr lach, Tha uecenuf repaira nere made, and tliereby the aveivge daUy oon- 
nunption wu rednoed &om 85 to 35 gstlons * bend. It is probable Ihst this itute of thingi eiiat* 
in other oitiea Uuui Cambridge, and it may toruiih a auffii^ient reftton for the great incNaie in the 
ooDnimptiou of water which more oi teea emharrassea public authoritiea. 

In gBB-pipee, the pre«Bure being of no uuportauoa, the thicknea* of metal is detemiued by the 
exigenoiea of tbimdiDg alone. The diameter, howoTer, sa in Ibe oaae of water-pipea, ia determioed 
by the volumA of flnid to be paaacd in a girea time. The fol lowing foimols give IJia rolume and 

thediwwter; Q = 1000 V -qT-' «>d D = -063 V—g—, in whieh Q repreeenla the quantity 
of gaa In cubic feet an houi, L the length of the pipe, D the diameter of the pipe in inchea, H the head 
of wate]>pMwai«ininehe»,«iid O the apecific Kntvitj of gas. For otdinsTy culcuUtions, G maybe 
Mmmed = '4S, and H = tin. tolin. A publio Ump oonanmee 6 onb. It. of gsa an hour ; and it 
haa been fonnd by experienoe that tno lampt 40 ft. from main require J-in bi^ of pipe, and four 
lamp* at the Mune dirtanre require f-in. bore. At a distance of 50 ft. six lampe reqmre a pipe of 
^in. bore, and at 100 fL distant, ta> lamp* mual be aupplied with a f-in. pipe. The preoeding 
remarks relative to the laying oT water-pipta apply equally to gaa-pipea. 

Pipes that an to be inbjected to great inti^mal preasure ahould be of wron^t Itnn, eapeoialty 
where weight of metal is an important coniideration. The tenacity of wrought iron being three 
tini««thatofcMt,tliefoiaiQla-^^5^wlll become - ^^ - = "OOOOODeHK, and as the fiwtor 

of safety may be Ukenat six instead of ten, as in the case of cut iron, we have '0OOO57G HB. or 
'0D0028S H D. Uoreover, there are no limits to the tliioknea of wronght-iron pipes impoaeil by 
the piocessei of manufactnr& so that the reqniute thickue« may be always ohUiued. To make 
the abore formula general, let P npresent the preaaun in pound* to the aquaie iueh, and F the 
tenacity of the metal ; flten the safe thioknesB T >= — = ■- . Vitnght iitn iialao used fbr pipes of 

very tmaU bom, m, fbr instanets muil aaTiofr-iapeB I<x water and ga^ When need for these 
puipoaeai wnnght-iioo pipe* an mneb ebsBper than lead, and, from a hygienic point of riew, 
vaatly niperiot to the latter tat water^npply. They an, bowerei, not ao easily fixed ■* lead, because. 



^.. ... , . ... to be almost exclusively employed inside a house, In 

wpitt of its unwtioleaome properaea, tbongh Iron is almoat exdnaively used outside. The nuinufuo- 
Inn of wKm^t-iron pipei la qnile of reoent origin, but it ia now a very extensiTe branoU of industry, 
eapeoially at Birmingfaam. They are made by pasaing plates of iron at welding lieat through 
neolally constructed lor the porpoae. b> tbia way, pipes an produced perfectJv true, witli 
1 kmgltiidlnal joint, and of almost any nqnired strength. It la no uncommon thing to ttat 



bt^ diameter, made of sheet Iran and ooated'with pitch, have been nsed 



^nss. — Wa have slated above that lead pipe is almost exclndrely employed inside of 
The quantity used in this way Is very gnat, and henoe this branch of manafsctun is one 
ireot in^Mrtanee. The perreolton to which the manufacture of lead piping has been carried 



of very great in^Mrtanee. ' 

of late yeara by the aid of hydraulic machinery is one of the most 



n Jcdnt b, „ --_ , 

hydnulic pren aa angled to this purpose. The press P Q oonsiati 
MamaMTeinmeyUnderaodapistmBO. This piston or {dnnger 
is narrowed at the end and turned, so aa to fit tightly into a tut 
itrong lion cylinder OH. Intheboltomof this cylinder is a hole O, 
wbiidi is oarefully turned to tlie exact external siie of the pipe to 
*«pTodiMed. At E is a small anh from the top of wbioh a mandrtu 



dcMeads down through the hole. This mandrel ia exactly the 

if the pipe. The i ' *' "' ' ■ ' 

. 'ed into ttis space I 

the cylinder G H is another oylindtir K L of larger diameter, and 



internal diameter of the pipe. The charge of tiom 2 to 1 owt. of 
molten lead is poured into ttis space D. and left to aalidify. Bound 



applied la the plunge^ whioh deaoends with great force. The lead 
la thus forced between the cylindrical hole and the mandrel, like a 
lump of putty under ordinary pnasorei and it issues st the bottom 
a* one continnom pipe. It inll be irt onoe seen that an immrnse 
length of ordinary pipe ii obtainable, without jmnt, by this process. 
In prAitice, howerer, it ii usual to cut the pipe off in loogtlia of 
"•O ft for oonventence of stowage and transport. A remarkable bot 
n this procega is that the solid lead which is divideil by the ai 
the inflncnoe of the hydianlic preasure without leering any 



60 ft for oonventence of stowage and transport. A remarkable not 

in this process is that the solid lead which is divideil by the arch E joins agsin below the arch under 

the inflncnoe of the hydianlic preasure without leering any tiaoe of the division it ha* nndergoiM). 
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Preyions to the diBOOveiy of this fact, the mandrel was fixed directly into the plnngar 0, so as to avoid 

the dlifioalty of the arch. The latter, being a more oonvenient arrangement, is now generally adopted. 

The tensile strength of lead may be taken as 2745 lbs. to the inch. The thickness of metal to 

'438 HH 
withstand water-pressnre is therefore given by the formula T = ^ . This thickness should 

be multiplied by a factor of safety, which, in ordinair cases, may be taken as ten. The weight of 
lead pipe is found by the formula already given for cast iron, by taking K = 8*86, namely, 
K (D* — d^y The diameter is determined by the quantity to be delivered in a given time under a 
given head of pressure. In the case of an intermittent watei>supply, the diameter should be suffi- 
cient to fill the cistern in a space of time oonsidera ly less than the hours during which the water is on. 
The action of some kinds of water upon lead pipes is very destructive. This is especially the 
case with soft water, as calcareous matter stops corrosion at a certain point by forming an insoluble 
coating. A recent invention provides efitctually against the corrodive action of soft water on 
lead pipes. This is Haine's lead-encased block-tin pipe. By Haine's process, which is similar 
in its details to that described above, pipes may be manufocturad with an inner casing of tin, and 
the process of manufiBcture is so perfect that it may be bent and otherwise manipulated with the 
same facility aa lead. These pipes are greatly superior to lead from a sanitary point of view, and 
they possess considerably greater strength. Experiments to test their quality in this latter 




pipe, weighing 16*406 lbs., burst with a pressure of 642 lbs. to the inch. A common 2-in. lead 

£ipe, weiring 27*967 lbs., has burst with a pressure of 498 lbs. Thus, strength for strength, this 
ind of pipe is not more expensive than the common kind, while its hygienic advantages render it 
greatly superior for puiposes of water-supply. 

Stoneware Pipes, — The materials of which stoneware pipes are made vary with the district in 
which they axe produced, and hence these kinds of pipe are of various qualities, and possess various 
characteristics. In Stafibrdshire, for instance, they are burnt from a species of fire-clay, and are dark 
in colour, being similar in character to the BtafTordshire bricks. In London, they are made of clay 
obtsined from various parts, with an admixture of broken ^ttery finely ground and sifted, while in 
some parts of Kent gault-clay is chiefly used, producing a pipe light in cdour and of very tough con- 
sistency. Fire-clay pipes are usually classed distinct from stoneware, and, thickness for thickness, 
are generally oonsidered as somewhat inferior to the latter in strength. Whatever is the nature of 
the materiau employed, however, they must possess certain qualities. The most important of these 
qualities, probablv, is that of impermeability. If a drain-pipe is made of porous material, it will not 
long resist the influenoes that will be brought to act u^n it, — such as, for example, the crystallization 
of water in time of finst, or the formation of crystals m the presence of certain chemical compounds, 
which are pretty sure to exist in sewage. Moreover, when a pipe becomes saturated with moisture, 
it is incapable of supporting a great superincumbent weight, and therefore, when laid at a consi- 
derable depth beneatii the surface, deformation and fracture are likely to occur. To be impervious 
to moisture, the material should be vitreous in character, having sufficient toughness to resist 
si locks, tenacious, hard, and homogeneous. Pipes should be burned at a high temperature; they 
should be uniformly glased inside and out, and be free from fire-oraoks ; they should ring clearly 
when struck, and be uniform in thickness and seotioo^ They may be tested for impermeability by 
drying them till they cease to lose weight, and then placing them in water for twenty-four hours. 
By reweighing them after they have been carefully wiped, the quantity of water absorbed may be 
dearly ascertained. This quantity should not exceed 5 or 6 per cent, of the weight of the uipe. 

The tensile strength of stoneware pipe varies greatly. Experiments made by Baldwin Latham 
showed that it might vary from 21*4 lbs. to 429*5 lbs. to the square inch of section. Thus, the 
thickness requisite for a stoneware pipe is a question to be determined by experience nither than by 
calculation. When first used for town sewage, they were made insufficiently thick, and hence they 
failed in many instances, notably at Croydon. But in these cases the &ilure was doe to the 
inability of the pipes to resist a strain of compression rather than a tensile strain. This indeed is the 
principal strain brought upon a sewage pipe, and it may be si^ely assumed that if a pipe is capable 
of bearing the crushing force brought to be«r upon it when laid, it is abundantly capable of with- 
standing any internal pressure to which it is likely to be subjected. Numerous experiments carried 
on under the direction of J. W. Bazulgetto, showed that the ability of stoneware pipes to resist 
a crushing force is much less variable than their tensile strength. 

The following Table shows the dimensions and thickness now given to stoneware and fire- 
clay pipes ; — 
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The nBtnl form of sewer-pipe is the plain apigot and socket The objeotion to this kind is the 
diifioolty of opening them for examination. To remove this difflcnlty several modifications have 
been from time to time introdnoed. Fig. 6888 represents one of these, in whidi the npper half of 
the socket is absent The object of this arrangement is to allow a single length to be removed and 
another dropped into its place, without deranging the adjacent pipes. Another form of pipe, known 
as Jennings' pipe, from the name of the inventor, is shown in Fig. 6384. The inventor in his 
description savs, — ** They are plain at both ends, and are laid in chairs similar to the metals of 
a railway, each pipe beine kept 6, 9, or 12 in. apart, according to their diameter. The pipes being 
bedded m the chsjrs renders the distorbance or ground under the pipes to make the joints (as at 
present) unnecessary, and the top part of the chair (which for distinction is called a saddle-piece) 
oeing the last fixed, enables the workman and superintendent to see that the pipes are properly laid 
and fiiirly jointed. In case of stoppage the saddle is easily removed without in any way disturbing 
the invert or general drain ; and the pipes being some distance apart, the state of the drainage can 
be easily ascertained." Various otner arrangements have been introduced for the pujpose of 
facilitating inspeoticn ; but they are all open to the objeotion that they either weaken the pipe 
or increase the tendency to leak when runnuig more than half full. Since the introduction of tne 
uKMle of laying sewers in straight lines on pkn, with man-holes or lamp-holes at every ohangc of 
infllination or dizectioii, the neoessity for theSe kinds of pipe has oeased. 




6S84. 





In laying sewer-pipes^ the spigot end should be the lower, and great care should be taken to 
give them a uniform bearmg, though to do this eiTeotually a recess should be out in the floor of the 
trench to receive the socket Great care must also be taken in making the joints. The annular 
spoce between the spigot and the socket should be filled with clay worked in by a tool, and for 
additional security a fillet of clay majr be laid on outsida Portland oement ma^ be used with 
advantage where there is much subsoil water. Some engineers prefer to force mto the socket 
several strands of tarred gaskin with a calking tool previous to Ubing the day or cement No 
doubt, great advantagee are obtained by this method by preserving the annularity of the joint 
With a yielding material like clay, the superincumbent weight of earth speedily destroys this annu- 
larity, imless some means are provided for preserving it. Bothams, of Salisbury, is the inventor 
of an improved socket for preserving the concentricity of th. point The spigot end of the pine is 
provided with projeotious A, A, A, Fig. 6S85, and the socket with correspondme projections B, B, B. 
The spigot end is inserted in the socket so that its projections lie within the projections of the 
socket smd then turned round until the projections of Spigot and socket are brought into contact 
By this means the oonoentrioity of the joint is preserved. 

Sewase-pipes are sometimes made of Portlioid oement, and this material is by no means unfit for 
pipes. Instanoee might be pomted out in which these have been fouud to be perfectly sound after 
being in use upwards of twenty years. They are extensively used in Germany, where tbev bt-ar 
the OTects of a severe dimale remarkably well ; that they are sufficiently strong is evinced oy the 
fact tliat in North Prussia they are used under the railway embankments. As mi^ht be supposed, 
these pipes improve with age, and at the end of two or three years they are md to ring, when 
struck, with a dear metallic sound. 

See DaAiHAas. Sbwkraob. Watib-wobks. 

PISTON. Fb., Piston ; Gkb., KoOen ; Ital., StcmHjfo ; SPAN., Embolo. 

A piston is a short cylinder of metal or other solid substance which fits exactly the oairity of a 
pump or barrel, and works up and down in it alternately. It is used particularly in the steam-engine 
and in pumps. 

PISTON-BOD. Fb., Tigs de pisUm; Gkb., Kolbengtanffe ; Ital., Asia deOo stmh^fb; Span., 
Vdstago dei Pinhole, 

The rod by which the piston is moved, as in a pump, or by which il communicates motion^ as 
in the steam-engine. 

PITCH. Fb., Pas ; Gkb., Theilung ; Ital., Iwterane Pauo ; Span., Entre-eje. 

Pitch is the distance from centre to centre of any two adjacent teeth of gearing meMured on the 
pitch line. It is also the distance measured on a line paralld to the axis, between two adjacent 
threads or convolutions of a screw ; and the distance between the centres of holes, as of rivet-holes 
in boiler-plates^^^ 

PLANIMETEB. Fb., PhnmHre polaire ; Gkb., PUxnimeter , Ital., PUmuMtro; Span. 

Tho polar^planimeter. Fig. 6886, which for ordinary use is not much larger than a common poir 

8 o 



2658 



PLANIMETEB. 



of oompaaBes, meamures the area of plain BorfiBoea of any ahi^ by merely following the ontline of 
the figure with a pointed tracer F, the point £ remaining stationary. The improved form given to 
the original infltrament of Oppenkofer, oy Amsler, poeaesses many advantages over the forms given 
to this instrument by Welty and others. The polar-planimeter of AniBier) with its oaae, weighs 
about seven ouncefl^ and it can be set to any desired scale of reduction and to any unit of measure^ 
The most simple form is shown in Fig. 6386, which, however, will only suit one scale of reduction 




and one unit of measure ; but any desired scale can be obtained by multiplying the result given 

by the planimeter by a constant factor. The constant factor or multiplier may be found in a few 

seconds, in any particular case, by passing the tracer F round a square, triangle, or other figure 

of known area. The index roller u must play easily without coming into contact with the vernier. 

The screw centres on which tiie axis of D is revolving must be adjusted so as to allow perfect 

freedom of rotation : the same is to be observed for the centre pin 0. The needle point E should 

project but very Uttie from its socket, and the point of the tracer F should be so formed as not toi 

catch in the paper. The roller D, which moves on the paper, will not bear the least spot, rust, or 

the slightest injury, without impairing the accuracy of the instrument. The planimeter may be 

applied to find very exactly the mean pressure of steam from an indicator diagram card. For example, 

let K L M N be an indicator diagram card, each of the small divisions on the scale of pressures S S, 

answering to 2 lbs. = *093 in. ; the lengtli of the stroke L K = 59 in. = 29*5 parts measured on the 

29*5 X *093 
scale S S. Then ^ = the length of each inch of stroke on the line K L ; let Q be a 



59 
small parallelogram, whose length = 093 and breadth = 



29 5 X 093 
59 
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Now suppose that we find, 

by passing the point E round the diagram, that the area = 123*48, or equal 123*48 small squares 
like B, each side of which = 195 in., which unit of length is also given 

by the pUnimeter. Whence, 123*48 x(' 195)* divided by ^^'^ ^q ^^^^ 

gives the exact number of small parallelograms equal and similar to Q, 
contained in the diagram M L N K. In the example we have taken the 

1 Ofl') * 4 
number IB = 1085 4. Then --^^^ = 18*4 = MN, 18 4 x 2 = 56-81bs., 

the mean pressure. 

To some of our readers it may be important to prove that the prin- 
ciples upon which tliis ingeniously contrived little instrument is oon- 
structed are mathematically correct The truth of those principles may 
be established as follows ;— Let P Q, Q B, be two bars or rods, Fig. 6387, 
connected by a joint at Q ; suppose the end P to be fixed, while B is 
passed completely round the periphery of any area ABB; and tliat on 
a given point of the bar Q B a wheel W is nlaced, which turns upon Q B 
as an axis ; the motion of the rods P Q, Q B, being always in a plane 
pai allel to the plane of the paper. Let P 9, q r, and to be the consecutive 
positions of, and extremely near P Q, Q B, and W. 

Let v = 3 14159265 . . . PQ = a, QB = 6, QW = c; and the 
angle P QB = « - 9; the angle Q B = QGo = 9, Qo is supposed to be drawn perpendionlar 
to9 C. Put X s the angle deeiBribed by P Q from its initial position, and y s the angle described 




PLATINUM. 2669 

by Q B in moving from its initial position ; and put S for the spaoe described in the same time b j 
any point of the wheel W. in tumiDg on its axis, the sliding motion not being taken into acoonni 
Then if « be the area of tne irregular figure ABB, 

d» = the sum of the areas P Q 9, Q^sB, «g[r; 

= \a*dx + 6(Qgoos.a) + 46«(/y. 

ButdS s= wp+p# = c(fy + 9Qooe.0, or 
9 Q 000.9 ^ dS — cdy; 
/. d* = ^a«d« + 6(d8-cdy) + 46«dy 
/. M = \a^x + 6S + 6(^6 - c)y, 

it is evident that when B has passed round the irregular figure x ^ o and y = o, and hence x and 
y vanish ; consequently « = 6 S. 

If the fixed point P be taken within the figure ABB, then it is evident that the rods will com- 
pletely pass round the point P, therefore the limits of « are o and 2 ▼, which are also the limits of y, 
and X becomes 6 8 + ir (a' + 6* — 2 6 c). Hence we have proved that if P be fixed while B is mdved 
round the periphery of any area, the amount of rotation of the wheel W, without regard to its sliding, 
will be proportional to the area. 

See INDICATOB. 

PLANING MAGHINK F&, MackbM h rdboter; GSB., ffobelmaacMnei iTiX., PkUh da metaUi; 
Span., Mdquma de oepiUar, 

See Machine Tools. 

PLATE-WHEEL. FiL, Soue h ditque; Gxb., ScKeibmradi Ital., Xuoia di lanUeraf Spam., 
£t»eda Uena 

A wheel whose pin Ib conneoted with the axle by a thin plate of metal instead of arms. 

PLATIN. Fb., Plaimes Geb., IXegel; Ital., Tavola mobile. Span., Platma. 

The platin or platen is the movable seat of a machine tool on which the work is sraured. or in 
a printing press, the flat part of the press by which the impreesion is made ; called also table and 
carriage. See Maohinb Tools. Press. 

PLATINUM. Fb., PIiUm; Geb., Platim Ital., Platina, Span., Ptatina, 

Until very recently, the metallurgical treatment of platinum was by the wet way. The ore 
was freed by mechanioaJ means of any eturth that might be adhering to it, and then acted upon bv 
aqua regalia, which dissolved the phktinum, and a little iridium. The liquor was then decanted, 
evaporated till nearly dry, and precipitated by a concentrated solution of chloride of ammonium. 
The precipitate of double chloride of ammonium and platinum thus produced was washed in 
alcoholizea water, and then calcined. A spongy mass oi platinum was the result of these opera- 
tions, which mass was rubbed to a powder by mmd, and afterwards made into a paste with water. 
This paste, when subjected to intense pressure in an iron cylinder, gave a metallic mass of a certain 
consistency, which was then heated to a red heat and hammered on its ends to render it homo- 
genious and ductile. If hammered on its sides it splits. 

In 1861 M. Deville published a very important work on the metallurgy of platinum, in which 
work he substitutes the dry for the wet way. A hundred parts of the ore. freed of its impurities by 
mechanical means, are fused with an eouai weight of galena, sulphuret of lead , the iron oontained 
in the ore unites with the sulphur or the salena, and the platinum unites with the lead thus 
liberated. Fifty parts of lead are then added to the molten mass, which is afterwards further 
treated and stirred until no resisting grains are felt The temperature during this operation must 
reach at least the point of fusion for g6ld, and may rise above that point without injury When 
this point of the operation is reached, air is blown into the crucible, the sulphur passes into the 
state of a sulphurous anhydride and liberates itself, and a portion of the galena passes into the 
state of lead, and combines with the platiniferous alloy, at the same time the iron and copper, 
wliioh were in the state of sulphuret, collect as a scum of oxides on the surface of the onth. 
As soon as the liberation of sulphurous anhydride ceases, two parts of binoxide of manganese 
and about ten parts of glass are added, forming a fusible slag containing the manganese, iron, 
copper, and glan, and a metallic mass. This is then left to cool, and when ready, the crucible is 
broxen, and the alloy of platinum and lead, which readily separates from the slag, is taken out. 
This alloy is next placed in a cupel resting above a crucible full of coke, and having its bottom 
pierced with an aperture. Crucible and cupel are then heated in a muffle, when the lead becomes 
oxidized and passes into the state of litharge. This latter fuses, filters through the pores of the 
cupel, which is made of bone-ash, and falls upon the coke ; there it is reducea, and metallic lead 
remains, which flows out through the aperture in the bottom of the crucible This operation is 
known as cupcUation. The platinum thus obtained still contains a few hundredth parts of lead, a 
little osmium, some iridium and rhodium. To remove these, it is placed in a small furnace of 
lime, which substance is employed on account of its being a bad conductor of heat, and melted by 
means of the oxyhydrogen blow-pipe ; it is kept in a state of fusion until neither vapour of kad nor 
smell of osmium is evolved. 

Platinum obtained by the means Just described oontains iridium, and even rhodium, but this 
alloy is superior to the pure metal for ordinary uses. If it be required to obtain tho metal perfectly 
pure, the platinum of commerce must be dissolved in aqua re^ria, and lime added while protected 
nom the light The iridium is precipitated in the state of oxide; the solution being then filtered, 
the platinum is precipitated by means of chUwide of ammonium. The precipitate being washed 
and calcined, there remains spongy platinum, which may be employed in this state to prepare the 
various platinic compounds. 

Platinum mny also be obtained under the form of a black powder called platinum black, by 
heating an alcoholic solution of potash with bichloride of platinum until effervescence ceases. The 
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black powder precipitated is afterwards washed in alcohol, hydrochloric add, potash, and, lastly, 
water. 

Platinum is a bright white metal, approaching silver in appearance. It occupies the third rank 
for ductility, and the fifth for malleability. A platinum wire *078 in. in diameter breaks with a 
weight of about 270 lbs. It is harder than silver, but not so hard as copper and iron; iridium 
increases its hardness. Its specific gravity is 21*15; atomic weight, 197; molecular weight, 
unknown. ' In several of its compounds it is isomorphous with iridium and osmium. 

A remarkable feature of platinum is its great infusibility, melting onlv before the oxyhydrogen 
blow-pipe ; when at a red heat, it is weldable like iron. It is unaffected oy atmospheric infiuence, 
and does not undergo oxidation in the air at even the highest temperatures. It is not acted upon 
by nitric acid unless allied with silver, nor, indeed, by any acid; but in aqua regia it slowly 
dissolves, and forms a soluble bichloride. Potush and lithia, however, produce oxidation^ and a^ 
fusible alkaline platinate is formed. With nitrate of potash this oxidation Ib more rapid; sOda 
does not affect it so readily as the other two alkalies. Bisulphate of potash also attacks platinum 
when heated. Bromine and iodine do not act upon it, but chlorine combines with it slowly. 
Phosphorus and arsenic also combine with it when heated, and form a fusible ilhosphoride and 
arseniate. When a phosphorated organic matter is heated in a platinum crucible, the latter is 
quickly destroyed by the U berated phosphorus. Sulphur may also combine with platinum by means 
of heat if the metal is in the spongy state. In the presence of carbon, silica converts platinum into 
a fudble siliciide ; therefore a crucible of this metal should never be heated directly in a coal fire, 
as the silica contained in the coal would destroy the crucible. Platinum in a very conmninuted 
state unites with meroury ; an amalgam of this metal may be obtained by redncmg a platinio 
conipound by means of electricity in the presence of meroury. 

When in the state of spongy platinum or platinum black, this metal possesses a remarkable 
power of condensing and absorbing gases, one volume of platinum black being able to absorb more 
than 100 volumes of oxygen. This absorption appears to be accompanied by a conversion of some 
or all of the oxygen into the modification known as oxone, since the metal becomes capable of 
exerting the most energetic oxidizing action, even at ordinarv temperatures. It is capable of 
causing the combustion of a jet of hydrogen, and it is largely employed to produce oxidation 
in various substances. 

Platinum is tetratomio, and forms two series of compounds, in the first of which it occurs with a 
value of substitution equal to two, and in the second it nas its greatest capacitvof saturation. Thus 
there exist a protochloride of platinum, Pt-61,; a bichloride, Pt-6L; a bibromide, liHBr^; a 
protoiodide, ¥i I. ; and a biiodide, ¥i L. The perchloride azi^ the pen>romide of platinum may 
unite with the alkaline chlorides, bromides and iodides, thus giving double chlorides, the formula 
of which is, Pt GI4, 2 M Gl. The bichloride of platinum is obtained by dissolving the metal in 
aqua regia, and evaporating to get rid of the excess of acid. This bichloride dissolves readily in 
water, alcohol, and ether ; it Aises when heated, and if subjected to a higher temperature than that 
reouired for fusion, it is first decomposed into chlorine and protochloride, and afterwards into 
chlorine and platinum. The double salts which it forms with the alkaline chlorides are nearly 
insoluble in water and insoluble in alcohol. At a red heat they are decomposed into alkaline 
chloride, platinum, and chlorine. The double chloride of platinum and ammonium leaves a residue 
of platinum only, on account of the volatile nature of ammonic chloride. 

There Qxist also two sulphides of platinum, a protosulphide, ¥iS, and a bisulphide, IHS,; 
these are obtained by double decomposition, by acting upon the corresponding chlorides with 
hydrosulphurio acid. 

ft CI, + 2(g}s) = 4(H}) + «s. 

Perchloride of Hydrosototaorlo Hjdrocblurio Blfalphate of 

platinam. add. add. plaUoam. 

These sulphides dissolve in the alkaline sulphates, and act therefore as add anhydro sulphides. 

Two oxides of platinum are also known ourresponding to the two sulphides, the protoxide iH0, 
and the binoxide i^t G^ The former is obtained by the action of potash upon the protochloride, 
and the latter by the action of the same alkali upon the bichloride ; but Uiese oxides oeing soluble 
in the alkalies, the solution must be afterwards precipitated by an aoid. To each of these oxides 
corresponds a hydrate ; that corresponding to the protoxide has not been analyzed, but its probable 

formula is ^ | O,; the formula of the hydrate corresponding to the binoxide is ^ | O4. The 

hvdrogen typical of these hydrates may be replaced, either by acid radicals, in which^case salts of 
platinum are formed, or by alkaline metals, when platinates nre produced.. These hydrates are 
therefore as much acids as basics, and their anhydrides must be considered as indifferent oxides. 

Beactkms of the Salts of Flatmum,^The following are the characteribtics of the salts of 
platinum; — 

1. Hydrochloric add does not precipitate them. 

2. Hydrosulphurio acid produces with them a predpitate soluble in the alkaline sulphurets, 
insoluble in hydrochloric and nitric acid employed separately, and soluble in aqua regia. 

8. In liquors not too dilute, chloride of ammonium and chloride of potassium produce yellow 
precipitates ; and even in very dilute liquors the precipitate is formed if a little alcohol has been 
added. 

PONOELETS WATEB-WHEEL. Fb., Soue hydrauliqw de PonoM; Gra., PonoeleU Waater- 
rod; IT3&L., Suota alia Poncelet; Span., Eueda Ponoeki, 

See HTDBAtJLTO Machikes. 

PRESS. Pb., Presse; Gbr., Presse; Ital., Torchio; Spak., Prensa, 

Prinlmg Presses. — Fig. 6388 is a fVont view. Fig. 6889 a side elevation of a Gordon press, as made 
by Harrild and Sons, of £ondon ; and Fig. 6890 a sectional view, showing some of the working parts. 
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In this machine iho form of type a, a, is placed in a vertical or nearly vertical poeition, and is 
bold in place on the bed-plate 6 ox the maclune by means of a spring dip oz weighted catch c. 



e388. 




Fig 6389, so that the form a can easily be remoTed and replaced by merely throwing back the 
catch and lifting ont the form. 

The form, secured in a suitable chase and mounted on the bed-plate h of the machine, requires 
only a very Aighi forward motion to bring it into jxmtion to impart the impression to the paper. 
To this end the bed-plate b is mounted on a lever or arm 6>, which works on a rocking shaft &*. so 
that it may be movea forward at the proper time for giving the impression to the paper. This for* 
ward motion is given by a cam-piece d, Fig. 6890, on the rocking shaft 0* of the inlcing-roller frame 
e, e, tf, ooming against a knuckle-lever /, at the back of the form-frame and bed-plate 6. When 
these two parts d and / come together the bed-plate b with the form a thereon will be thrust forward 
about half an inch, which is sufficient to bring it into poeition to give the impression to the paper 
when the latter is brought down by the platen ^, which is provided with a frisket A to hold the 
paper down. The platen g is mounted on a vibrating frame g^, a\ which as it rooks on its centre 
of motion g* will bnngthe plaien g forward, and downward, and opposite to the form of type, as 
shown in Fig. 6390. The platen frame is mounted on the shaft g* as its centre of motion, ana is 
oounterbalanced by a heavy weight g* on its lower arm. 

The thrust on the platen g is taken by a pair of vibrating arms j, j, forming part of a shaft y\ 
which extends across toe machinej and on the same shaft is fixed a lever I, provided at its end with 
a pin working in a cam-groove k} m the cam-plate k. The cam-plate k is provided on its periphery 
with teeth into which gear the teeth of a pinion m on one end of the main shaft n. which is actuated 
by means of the treadle-lever 0, the connecting rod o\ and the crank n> on the end of the shaft n. As 
the cam-plate k rotates the cam-groove k^ acts on the lever /, and thereby moves the shaft j' on its 
axis, and brings up the vibrating arms/, ;, into the horizontal position shown in Fig. 6390, so that 
their outer enos will be brought opposite to projecting pieces ^ on the ba<^ of the platen. 

The inking rollers ^, «*, are mounted in beiuings at the ends 6t the spring rods e*, ^, which 
work in one swinging firame e mounted on the ^aft e^, behind the vibrating form-frame 6. The 
swinging inking nrames e, tf, are keyed on to the rocking shaft e\ on the outer end of which is a 
crank-arm or lever 9, which is connected by a link p to a cnmk-pin fixed on the face of the cam- 
phute k^ so that as this latter rotates in the direction of the arrow m Fig. 6389, the link p will push 
back the crank-arm q, and thus cause the inking fhime e, e, to swing on its centre of motion «', and 
carry the inking rollers e*. «", up to and over the surface of the type in the form a, to the movable 



mounted on the aile of the oir- "**' 

cular diao r. The pawl r* is 

monoted at the upper ead of a 

bell-omiik lever I, the ether arm 

of which ii aeted on bv a cam t', 

sbowD by duta in Fig. G389, 

raoDiited on the shaft >■, so that 

aa the latter rotates and oauses 

the awingiiig inkio^ frame e to 

carry the iuliing rollera e* up over 

the aurfoce of the foriD of type 

the circular distributiag Burfocea 

are made to move round a few 

inohca on theii centre of mution. 

For light nork an ink fountain 
will not be required, aa but a small 
qnautity of ink will be used on 
the j''b. A sufficient quantity for 
a amall job may be plaood on a 
Bied plate i aituntea above the 
rotatiDgdiatributingsaifaoee r, r, 
and theae latter may be supplied 
liom time to time by meani of a 
•mall hand-roller. 

The two distributing disre r, r, 
aie geared together by the wheel 
•>, BO that Uiej will rotate in 
oppoaite direction!, and the ink- 
ing rollera e*, e*, in advancing will rotate in contact with one digo, that ia to say, the lower one u 
they run along the guides to. a, and in retreating they will be lifted up by the goidea tr, and will 
rotate la oootaot wiu the otW or nppai: diao. Tliia lifting moliim of the guide* •» i* eflected bj 



meuu of ft stad-pin 1, fixed on the faoe of the evn-plate k, vhloh by meuit of the rod ot link s 
will dnv down au arm x', on the Bxle ot wbioh ia a snail x', which br bearing against a bowle on 
the frame of the guides u, w, will lift up the latter and thua obum the inking rollers to rotate in 
contact with tbe upper disa. 

To obtain accens to the double distributing surface the upper diio r ia moonted in a movable 
frame whii'h ia capable of bting lifted up on tbe centre pjn 2 b; the handle r". Wlien raised it 
ma; be held in the elerated uooitioa b; the catch S which will lay hold of the tail 4 of tbe uimar 
fnioe. Tlie attendant mny then supply more ink by meuu of liia roller, as already eiplaioed. 



In order to throw the machine out of gear and prevent the form of type from printing, altboagh 
tome of the parts may be in motion, a hand-lever 1 1* oonneoted by a link t' to a stop-lever v*, 
which when acted upon will lift up the knaokl»-joint /, at the back of the vllaatlng fbrm-fkams b, 
•0 M to prevsQt the oam-picoe d on the vibrating shaft «' ftoa coming against it and driving 
forward the form a. This anangement will be fbood very OMivmient when the mMhjM it to M 
driven by power. 

-Fig.6SSliBft iidaalevation;Fig. 6S92IaaCrant «Ientlcniuid Fig. 6S88 • tcvUmJ WPtinn 
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taken in the line 1, 2, of Fie. 6392, of en ingenious modification of the Gordon pteoB, deaig ne d bj 
William Garwood, and of whidi Hopkinaon and Cope, London, are the makers. 



J. 




& 




:x 



1 



A A is the main framing, supporting in bearings a driying shaft B, which may be worked bv a 
treadle B^ or by a band from any prime mover working oyer the band-pulley B'. Keyed to tnis 
driving shaft B is a spur-pinion 1, which gears into and drives a spur-wheel 2 on the main shaft C, 
running in bearinn at the back of the frame A. This frame A carries within it standards D, D, to 
which IS affixed the vertical bed E of the press, and near the top of the standards is mounted the 
ink distributor F. These standards D form guides for an inking-roUer onrriage O, the rollers of 
which take up ink from the distributor and passing down the standards Impart ink to the type, 
which is secured to the b^ E by means of the t^pe frame E'. Immediately opposite the type 
frame is mounted the platen H, bolted to a sliding tipping block H*, provided at its rear with a 
pair of arms H*. These arms eaoh carry a stud-pin A, and mounted loosely on each stud-pin is a 
flanged bowle A^ for the purpose to be presently explained. The tipping block H* is made hollow 
to receive a horizontal shaft H> fitted therein so as to turn as in bearings. The ends of the shaft 
are slightly eccentric to the main body, and they are supported in bearings formed by oliding blocks 
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whioh work between panllel horinmtal gtddeB fonned in the upper part of the ftamine A. The 
ends of the shaft H' orojeot through their beariugs, through the didiDg blooka, and tnrough the 
upper frames of a nxdong frame I, external of the framing A. This rocking frame is supported on 
horisontal bracket-pieoes A* bolted to the frame A, and furnished with rack teeth, and the lower 
ends of the framing 1 are se«;ment-Bhaped, the segment being struck from the axis of the shaft H*, 
and furnished with teeth which gear mto the racks of the bracket-pieoes A*. This arrangement 
ensures that the axis of the platen-diaft shall on the advance of the phikten to give the impress, be 
always in the same horizontal plane. 




For the proper operation of the machine it is reouisite to give to the platen H not only a 
traTerse motion to and from the type, but also a tipping motion when it is withdrawn from the 
trpe, in order that the impressed sheet may be rmdOy remoyed and a fresh sheet supplied 
thereto. It is for this purpose that the block H\ which carries the platen, is made free to 
rock on its shaft H*. To ensure this tipping motion curved guides K, K, are provided. These 
ffuidee are made fast by means' of bolts to corresponding prmectinff pieces on the frame A, and 
m the curved grooves of these guides the befbre-mentionea dangea rollers h^ run. Thus as the 
platen is withdrawn tnm the type it will, by the running of these rollers down their curved 
guides, be tipped into the inclined position, Ing, 6893, ready to have the printed sheet removed 
and to receive a fresh sheet of paner. 

The traTerse motion of the platen is obtained by the throw of a pair of crank-piiui O' aoting 



2666 PRESS. 

on it through a pair of link rodB. One of these crank*pin« projects from a cam C, keyed to 
the main shioft G, and the other from the spur-wheel 2. These orank-pins 0* are embraced bj 
straps of the link rods L, the other ends of which embrace the ends of the shaft H', thus allow- 
ing the link rods to move a considerable distance without acting upon that shaft. The object 
of this arrangement is to give the platen a dwell when it has attained the position for receiving 
the paper. 

To prevent the platen from coming nn close to the type, in order to protect the setting-off 
sheet from bein^ inked, the ends of the shaft embraced b^ the slotted links are made eccentric 
By giving a slight axial motion to this shaft in one directioa the platen may be prevented from 
reaching the type to the extent, say, of an eighth of an inch, and consequently will not give 
any impression, and by turning the shaft in the opposite direction the pressure of the platen may 
be increased as desired. This movement of the shaft is effected by means of an arm M made fast 
to it. This arm carries a spring bolt M*, which enters a nutch in an adjustable segment-shaped 

5 late I^ through which the shaft passes, and which forms virtually a part of a rocking frame I. 
'his plate is ftimished on its lower edge with teeth, which gear into a worm M' mounted on the 
rocking frame I, and capable of being rotated by a winch-handle M^. The segment-shaped plate 
is made &st to the frame I by a clamping nut, but when this is slackened it may be adjusted axially 
by the worm DiP, so as to bring the notch into which the spring bolt enters into any desired position 
for locking the eccentric platen-shaft. By disengaging the spring bolt and pulling back the lever 
M, which the attendant can do in an instant, the platen will be prevented from reaching the 
type at the greatest back-throw of the crank-pins C^, and the platen may as quickly he re- 
adjusted for work. To prevent the link rods from striking the shaft H' when making their return 
stroke, an independent means of moving back the platen is provided. This consists of a rock 
lever K having its fulcrum on the frame A, and connected at ite free end by a link rod K^ to 
the rocking frame I. This rock lever is fitted with an anti-friction bowle, against which a cam 
G* works. The cut of this cam, Fig. 6391, is such as to press forward the rocking frame I in 
advance of the return motion of the link rods L, and thus prevent the link rods from coming sud- 
denly into action on the platen-shaft. 

The traverse motion of the inking-roUer carriage G is obtained by means of its connection by 
links O with a pair of rocking arms O', keyed to a transverse rock shaft O' mounted in brackets at 
the back of the framing A. Keyed also to this rock shaft is a weighted lever O^, which, acting: 
as a counterweight, tenda to return the carriage to or maintain it at the elevated position ^ 
Fig. 6391. Pis an arm keyed to one end of the rock shaft O', carrying a stud-pin for receiving 
a connecting rod P^ This rod has at ite free end an elongated slot tor receiving a pin L^, which 
is carried bv an extension of one of the connecting link rods L. The rod P^ is provided with a 
tumbling claw P*, which is intended to drop over the stud-pin L^, and thereby connect the rods 
L and P^ together. Throagh this connection the throw of thij crank-pin C\ Fig. 6391, will cause 
the rod P^ to pull over the rooking arms O^ as the platen recedes from the type, and to move down 
the inking-roller carriage over the tvpe and ink ite surface. 

On the rotum motion of the platen the crank-pin G^ will, through the link rod L and stud- 
pin L\ force back the rooking arms O' to the position of Fig. 6391, and so lift the inidng-roller 
carriage and pcus it over the ink-distributinff roller. The carriage in returning to ite quiescent 
position will strike a rocking frame Q mounted on the standard D and carrying the vibrator inking 
roller. This action will throw tliat roller into contact with the fountain roUer B, and cause the 
latter to impart a fresh supply of ink. The rocking frame Q connecte by a link Q* with an arm B* 
that carries a pawl for operating through a ratchet-wheel the fountain roller in the usual manner. 

It will be understood that, on the return motion of the carriage G the rocking frame Q will 
be free to fall back to its depressed position, and bring ite roller now charged wiui ink into con- 
tact with the distributor F, which will then in due course impart the same to the rollers of the 
inking carriage. 

When it is desired to increase the supply to the inking rollers they may be left in contact with 
the distributor while that is still rotating, so as to accumulate ink on their surfaces, by simply 
tripping up the tumbling claw P*, which will disconnect rods L and P\ and thus leave the latter 
still while the former is being moved by ite crank-pin, the pin L* being left free to slide in the 
elongated slot of the rod P^ In like manner if it is required to pass the inking rollers two or 
more times over the type before taking off an impression, that can be readily done by maintaining 
the connection between tiie rods L and P^, and turning the platen-ahaft H' so as to Iceep the platen 
out of action by the means above explained. 

An excellent lithographic power press fay A. H. Karinoni and F. N. Ghaudr^ is shown 
Figs. 6394 to 6396. A "is the lower framing on which the various parte of the apparatuaare 
mounted ; B, side frames, 8ui>porting the whole of the driving mechanism ; G, carriage, carrying 
the movable plate on which is mounted the lithographic stones or type ; D, screws, serving to 
regulate the neight of the plate or movable plane ; E, £, wheels or rollers, carrying carriage G ; 
F, printing cylinder ; G, small cylinder, provided with grippers, serving to take the sheet from the 
printing cylinder and to convey it on the tepee ; H, curved frame, carrying the gauging tobies, the 
rollers, and topes, the mechanical receiver, and other parte ; I, receiving teble ; J, supports of 
damping rollers ; E, supporte of inking rollers; L, snpporte of distributing rollers; M, rod servuig 
to stop tiie printing roller ; N, principal horizontal connecting rod, having a friction roller at one 
end and serving to transmit the motion to the mechanical receiver; O, eccentric or cam, operating 
connecting rod N ; P, leve^ having a toothed segment actuating the shaft of tiie reoeiver ; B, com- 
binatton of wood laths or plates, mounted on an iron shaft, serving to invert the printed sheet on 
the receiving teble ; 8, S, topes for conducting the sheet ; T, small wood teble on which the plates 
B rest in readiness to receive the sheet ; AS liurge toothed wheel, mounted on the shaft carrving the 
eccentrics for stopping the cylinder, the eccentric regulating the reoeiver and'^the crank which 
aotuates the plate^lding carriage; B\ intezmediato wheel, goveziung wheel F' of the inking 
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A, Fig. 639S, ta tlis lower fnuniiig of the nuohioe, ihowiiiK tbe wayi on which mn the wheela 
niTjing the curiaga, the letter being provided with > pUte terring to reoetve the lithogikphio 
stone. This piste, whioh it commonly termed tlie aleb, ii reguleted in podtloii tn sd npwud and 
downward direction by icrewi D, Figt. 6394, 6396, and udewKyi by lorews Q, FIk 639S. 

A, Fig. 6396, fmme of tbe nwiohine aeen longitudinally ; U, E, wbeeb on which tbe oarriaffe Q' 
la moonted, also ahowing lorewa D, and Q Q, serriDK to fli and hold the plate carrring the litbo- 
paphic tlone or type Z, and Motion of the metal lable U' for reoeiring and diatribatlng the ink m 
tbenillen. 

F, Fig. 68H, ia the printing roller; G, eylinder of traaller diameter, taming in an oinweita 
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friotioD roller, which in ooming in oontact with (sma raoontod on the dde frunee opens or oIosm 
the grippera when desired ; U, gauging table oi plate, midei' wLicb ia placed the lerer ourjing tbe 
ntoTftlue plate, tbe upper atufooe of tbu table buiug fumiebed witb gauges. The pftrU for aotnniing 
the lever of the movable pointers, aud thoeeforbringingdoini the grippers of the priating cylinder, 
ea also other p&rta not neceaHaiy for the oluoi<lBUon of these iinproTenienta, are omitted ia the 
UlDBtnitioDB, twing the same oa in ordimirf priiiting machiueB. 

The sheet of paper is placed on tbe table U, betweeo thegeugee which guide it on the aides knd 
nt front and back, up tu llie moment when it ia aeiied b; the grlppers of shaft C of cylinder F and 
presaed dd the india-rubber faced supports D ; thu ovlinder carries round the sheet, which ia only 
held on ila edge bj the grippera, and at front and beck by a series of metnl plales X. which secure 
it on the cylinder without the aid of tapee. When the cylinder F has completed a oertHtn port of 
its revolntiou, and the grippers atill holding the sheet have arrived at poiut B', the grippera C of 
cylinderG are quickly brought down so as to grip the abeet, while it ia also released fomi grippers C. 
The cylinder Gcarriee tbe sheet round to point P', where thegrippets oF the abaft C open in order 
to allow it to pass on lo the tapee B, 8, on which it is coQiIuoted to point 0', when it falls oa to 
tapea 8*, whicD convey it to the plates of leceiver B, in order to reverse it on tbe table, where all 
the sheets are deposited after being printed. 

Fig, 6397 is <H A. H. Uarinoni'a rotary perfecting pren printing bom the oontinuona tolL In 
this piew the continaanB paper is ont np into sheeta of any desired length before printing, and is 
ddiverad hj meohMuxl means at hai or more points, the difBculty in delivering the sheets in ocm- 
bniwaa paper printing machines being thna iwriated. The paiver beinK ont np in the maobine 
Itself before being printed, the svxe of the sheet may be altered witboat obanging the cylindera, it 
being slmplj neoeBBuy to retard the feed of the paper roll in order to Himiniiih the leogUi of 



Dividers are employed, which oondnot the sheet to tbe four mechanical arms or flyers, where 
they are divided in the bngitudlnal direction of the machine after printing, having been dividt^ 
In the transverae direction before i rlnting, as alwve mentioned. 

In Fig. 6397, which is a &ont view of the entire machine, A is tbe bed ; B, aide frames ; C, C, 
rolls of eontinoona paper iD, D'.dampera, K, E\e, «'. drome androllerafordiawingoffthe paper: 
F, F', oylindera for outUng it np into sheets. There ate drams which conduct the said sheets to 
the blanket in^liDdera J, J', to be printed on both aides by tbe plates on blinders H, H' ; K, K', 
^lindrioal inJdng tables ; L, L', ink fbnntains ; U, first apparatus for dividing the sheets placed at 
the oentre of the machine; N, eccentric, by which tiie same is operated ; 0,0',seoondBheet-diTidiQg 
Sftparatiia, placed towards either side of tbe maohine ; P, F', eccentrice for operatiDg the same : 
Q,Q', mechanical Syera or reoeivera; B,R', tables for receiving the printed sheets; 8,3', loUera, at 
which the sheets are delivered from the machine: T,T', knives; X,X\duotor rollers; Y,Y', 
vibrators or transferring rollers; Z, Z', distributing rollers; T,V', inking rollers. 

The maohine is arranged to receive two tolls of oontinuona paper, so that whilst one is in use 
another mav be anpplied to replace it when eihanated. The rolls of paper coiled on apindlea are 

B'soed on the maohine at C, C', and in unwinding the paper ia passed over one of the dampera 
or D', and then between roUers E,E', &om which point it takea eisotly tbe same oourse. 
whether ooming from or C, ao that it will siiffioe to describe the action of the machine with 
reference to one roll, tbe other operating in an exactly similar manner. For example, the paper 
bom roll first passes over a roller d, turning by oontaot with a roller D immeriied in a troush 
containing water. Tbe water ia taken off roller D by the amsll roller d. and deposited o: 
paper for the purpose of dunjdng it. The pi " " " " ' " ' "™ — 

between the dmms E, E', and rollers «, in the din 
it is delivered to the ovliiiden F, F', which c 
with a saw blade, placed between two metal ba: . , „ , 

project from the cylinder. The cylinder F' is also provided with two bars, which in this o 
are fixed, but also projecting from the cylinder and exactly oorreepondlng with those of cylinder P. 
When tha two ban <a cylinder F meet the bars of F', the; becime oompresaed, the saw Uade is 
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each reTolution a length of paper equal to their circnmferenoe, and on Bettine the machine in motion 
the paper is oondnotod by meana of tapes over rollers d\ d\ drams £, £% e, e, «>, e^, between the 
cutter cylinders F, F>. 

From the foregoing it will be seen that as the length of the sheet is dependent on the size of 
the drums E, E*, it may be readily changed by varying the diameter of these drums or changing 
the gearing so as to vary the surface speed. 

In the arrangement shown the paper is unwound by draught simply, but this is best effected 
by mounting the roll of paper on a cylinder, performing the same number of revolutions as the 
impression cylinders, and unwinding at each turn a length of paper equal to its circumference. 
The length of the sheet would in this case also vary according to the diameter of the cylinder, by 
contact with which the roll of paper is unwound. 

The naper after being cut into sheets at F, F>, is conveyed bv the tapes over rollers <7, g^, and the 
small rollers x, x\ to the blanket or impression cylinders J, J% and the sheets are thence all con- 
ducted between the rollers m, m. The sheets in passing over cylinder J are printed on one side by the 
Elates of cylinder H, and passing thence to cylinder J' are reversed, that is to say, the side which 
as been printed by cylinder H is applied on cylinder J\ and the blank side receives an impression 
from cylinder H\ which is al^ provided with plates. The sheets after being printed on both sides 
are pamed between the two rollers m^m, whence they are conveyed in succession to the four flyers 
or mechanical receivers. 

The paper after being cut up into sheets is conducted direct to the printing cylinders by means 
of the small rollers x, x^. By this arrangement the cylinders J\ J> are rendered easy of access. 

The inking apparatus is composed of the ink fountains L, L* ; A, X\ ductor rollers rotating in 
the ink troughs ; T, Y^, vibrating rollers which are alternately in contact with rollers X, X^ and 
inking tables E, K\ the latter having continuous rotary motion. The ink is thus deposited on the 
inking tables K, K\ by the aid of ductor rollers X, X^ The rollers Z, Z', turn in contact with 
tables K, K^ and have also a side way motion for distributing the ink ; V, Y*, inking rollers rotating 
in contact both with the tables K, K\ and tha plates on the cylinders H, H\ which rotate in 
the contrary direction to K, K>. The inking rollers V, V, V*, V*, receive a continual supply of ink 
from the inking tables K, K\ for inking the plates. 

In order to deliver the sheets to the four flyers, or mechanical receivers, below the rollers m, m, 
is placed the first sheet-divider M, consisting of two longitudinal sliding firaraes carrying four rollers 
n, n, i; t. These slides have a movement imparted by an eccentric N, in such manner that the 
rollers n and t are alternately brought under the rollers m, m. 

In the position shown in Fig. 6397, the rollen n, n, correspond with the two rollers m, m, and 
the printea sheet will pass between the tapes on n, n, and be conveyed between the two rollere 
which are on the left-hand divider O. When, on the contrary, eccentric K brings the two rollers •', u 
under rollers m, m, the sheet will pass between the tapes on i,i, and be conducted to the right-hand 
divider O^ Thus, by the aid of divider M, the sheets are alternately conducted to either end of 
the machine. The side divider O is composed of two vertically moving bars carrying two rollers 
over which the tapes from », 9, pass. The vertical bars are operated by eccentrics P, which give 
an up and down motion to them. The two rollers carried on the bars* of the divider O are then 
oppottite the two rollers u, «, ounsequently the sheet will pass between the latter in the direction 
indicated by the arrows to the arm or flyer Q, hj which they are laid on table R. In the lower 
position of the sliding frames the two rollers earned by them are brought opposite the rollers r, r, 
and the sheets passing through n, fi, are conducted between r, r, following the direction indicated 
bv the arrows until they arrive at tlie flyer Q*, by which the^r are laid on the table B^ A similar 
distribution of the sheets is performed by the divider 0\ which conducts the sheets alternately to 
flyera Q* and Q". 

It will thus be seen that each flyer, Q, Q*, receives only one fourth of the printed sheets. 

With dividers arranged in the above manner there may be any number of flyers placed on the 
machine, as desired. 

The sheets on reaching the delivering rollers 8, S*, 8*, 8*', are out in the longitudinal direction 
of ihe machine bv the knives T, T^, formed of steel discs working against steel rings flxed on rollen 
8*, 8'*. These circular knives may be thrown out of gear to allow the sheet to pass through with- 
out being cut, if desired. 

A great advantage with this machine is that it may be oonvtoted into a hand feeder by pro- 
viding it with feeding bouds from which the sheets are fed by hand to the cylinders F, £. The 
cylindera F, F*, in this case simply serve as entering drums. 

The general arran^ment of the Walter press is shown by the diagram, Fi^. 6398. 

The reel of paper is ai the extreme right The paper is led from the reel into a series of small 
cylinders, where it is damped, and is then brought between the flntt and second of four cylinders 
raised perpendicularly above each other. The top cylinder is enciroled by stereotype casts from 
four pages of type, and the lowest of the four cylinaere is similarly surrounded by stereotype plates 
of the remaining four pages of the newspaper. The paper, in passing between the flrst and second 
(nrlinder& receives the impression on one side. It then passes backwards between the second and 
third cylinders, and resumes its forward dirnstion in passing between the third and fourth cvlinders, 
from the latter of which it receives an impression from the stereotype plates on the side of the paper 
exactly opposite the part printed by the top cylinder. The paper continues its course onwards till 
it passes oetween two cylinders exactly in the centre of the machine, where it is cut into sheets, 
each forming a complete newspaper. Adjoining th« cutting cylinders is an index, which counts 
each sheet as it is cut. After the cutting is accomplished, the sheet is led forward by a set of tapes 
till it reaches the apex of the triangle formed by the left portion of the machine. From this point it 



leR of the upper printing ojlinder, cupplj and dUtribxte the ink, vMcb is pumped op bjr meoLk- 
nical amtrlranoes rrom a ciateru plMeif beneath the floor. 
FUDDLING. Fb., Pmidtagti Gu., Pudddn. 

PULLEY. Fa., Pauiii; Qta., SolHlobm ; Ital., Pvltggia , Spin, P/ilta. 

Bee Meobanical HoTSMiNTa. 

PUMP. Fa., Pompt; GeB., Pump*,- ItaL., Tronia, 8PAN., Bimba. 

In our articles on Drainage and H jdraulio Klaohines we had ooooiioa incidentall; to inTMtigate t1)e 
nature of a pomp, and to deeoribe aeTSraJ novel and important Bpeolmeus actnallj io me. Bnt as 
tboee artiolea are devoted, in the ono case, to a particular purpose to which a prnnp may be 
applied, and, in the other rase, (o tlie far wider tubjcct of hfdraulio machinerj in general, tliose 
inreetigatioDS and deBDriplious were necesaarilj wanting in comprebeBsivenesB and in that natural 
■equeni.'e of ideas requisite to a full and prL-cise understanding of a matter mors than ufuall; 
complex. We shall therefore roviaw some ground already hastily passed over, and where oocaaiou 
requires, r#-inTeatigate principles previously eauntiiited ami brieBy discussed. 

A pump ii a machine for applying force to a Huid, either for tlie purpose of causing it to asceod 
from a lower to a biglier level, or of making it fliiw ogBiast an opposing foree other than thai of 
gravity acting upon the portion of the fluid to bo put in motion. This dt'flnition divides pnmpa 
into two great primary classes, which may be subdivided into several secondary classes, according 
to the special use to whioh tlie pumps are applied. Thus arranged, the subject appears as follows; — 
First division, pumps for draining mines, pumjis for surface draining, pump* for irrigation, pumps 
for water-supply, pumps for raising particular lii)uids,contmctora'pum[M, pumps for emptying docks, 
bilge-pumps; second division, pumps for supplying hydraulic niaeliinery. feed-parope. air-pumps. 
We pnrpoM to consider the subji-ct of pumping machinery under these several heads, omitting the 
purely elementary portion, which baa already been given in the article on Dmioage, Before, how- 
ever, we onn intelligibty point out the disliuctive features of the many kinds and cariitioa of pumps 
now in use, and iuteliigenlly dL-termine tlieir respective merits, it will be necessary to consider the 
lequiroments which any pump must satisfy to render it a perfect machine. 

Tbe flist of these conditions or requirements is due etiiciency. This condilioa is rommon to 
all classes of macbinee and is of primary importance in all. Until very recently, pumps liave been, 
from this point of view, the most unset iafnctory of mechanical applianoes. It has been stati^ on 
good anthority that previous to tbe International KxLibition of IH.^I, no pump ever attained an 
efficiency of 40 per cent., and that many returned no mom than 10 per cent, of the force expended 
in water raised. Since that time, however, the attention of engineers has bi-en dirr cttd to the 
subject, and such improvemeats of design and construction have been elfected tiiat this enormous 
loss of power has been reduced, in average cases, by at least one-half So far this is a very satis- 
factory result. But there yet renmins much to be done before that degree of perfection is rmched 
to whioh other kinds of maoliinery have been carried. The large proportion of the motive power 
absorbed by the organs nf transmiasiun, and the loss of water tlirotigh the valves, still leave much 
to be desired. In (letermining what ia due efficiency, regard must be had to the cliaracter of the 
work, and also to the conditions under which it is performed. A pump for draining a mine, for 
instance, may return in water raised 10 per cent, less than another pump applied to the draining 
of a surface, and yet the former may be a more satisfactory machine than the latter. Thus, due 
eCSciency must be considered rvlatiwiy, not tAaoluUly. This is more or leas true of all machines ; 
but it is especially true of pumps, which are eatablished under such a variety of circumntances. 

A second requirement for a pump ia that it shall be aimplo in CDnatruotion. and not liable to get 
' of order. The nature of the work required uf a pump demands almost absolute immunity from 



derangement. It is erected in positions where it is moat di&icnlt of nccesa. and the cost of repai 
is consequently excesuve. Moreover, if reauired to work continuously, or at short intervals, ■ 
delay of a few hours may result in incalculable loss and inconvenienoe. And it mut>t not be 
forgotten that pumpa, more perhaps than any «tlier kind of machinery, are entrDste<l to the 
management of unskilled hands. The rough and ignorant usage to wliich pumps of all kinds are 
oonstiuitly subjected, would be speedily fatal to their working, were th^ nr>t constmcted of few 
moving parts, of great strength and simplicitv, e*sily replaced in case of accident, and c^abls ot 
being repaired by the moat inexperienced hands. 

llie above conditions must be satisfied by every kind of pump whatsoever ; we shall mention 
hereafter those which are essential to particolar varieties. 
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Foroe may be applied to a liquid through the xnedinin of a pump in two ways. One way is to 
bring the liquid upon a piston working up and down in a cylinder, to the upper end of which a 
pipe may be fixed ; the upward motion of the piston then raises the water at eyery successive 
stroke until it reaches the top of the cylinder or pipe. Pumps of this land aie called /i//-pumps, 
because the liquid is lifted by the piston to the required height. And it is obyious that this 
height is limited only bv the strength of the materials and the force available. The way in 
which the liquid is brooght upon the piston is shown in the article on Drainage, Fig. 2527. It 
will be seen by this figure that atmosph^c pressure is employed to raise the water a portion of the 
height: This part of the pump is called the suction, and that above the piston tne lift. The 
suction should not exceed 25 ft. m height, for though a colamn of water is not in equilibrium with 
the atmospheric pressure until it reaches a height of about S3 ft, the resistance occasioned by 
Motion^ as well as the lapid flow necessary to the satisfactory working of a pump, forbids the 
attuning of this limit. Even 25 ft. is too high to ensure a perfect working, and when large 
quantities of water have to be raised, it is better to limit the suction to 20 ft. The height of the 
lift Is theoretically limited only by the considerations mentioned above, but practically the limit is 
somewhat restricted. As shown in the figure already referred to, the piston-rod is inside the 
ascension-pipe, and consec^uently lessens the area or water space on that siae of the piston, thereby 
largely increasfaig the friction. This circumstance necessitates the use of iron for the piston-rods, in 
order to reduce their dimensions to a minimum. But even with this material, the dimensions 
requisite for a great height would considerably reduce the eflQoiency of the pump. Another reason 
for limiting the height of a lift is the necessity of counterbalancing the whole weight of the piston 
and rods. But a more serious objection to the use of a lift-pump for a great hei^t is the rapid 
wear and frequent derangement to which it is liable, with the consequent difficulty of repairs. 
This defect constitutes an objection to the use of lift-pumps at all, where a continuous working is 
an essential condition. For this reason they are unsuitable for the work of a town water-supply, 
though they are frequently recommended for that use, and as frec^uently employed. The wear of 
the leather rings forming the packing of the bucket of a lift-pump is often extremely rapid, particu- 
larly when it is aided by the action of water charged with particles of sand or gravel, or contami- 
nated by mineral solutions that impart a corrosive quality. And there is no certainty as to the time 
a bucket will last ; for it may vary, according to circumstances, from two or three days to two or 
three months. The labour of changing is in all cases expensive, but it becomes extremely so for a 
great height. Hence, it must be concluded that lift-pumps are unsuitable for great heights and 
continuous working, and that consequently they are not to be recommended in cases where either 
of these conditioDS exists. 

'J^e other mode of applying foroe to a fluid by means of a pump is to bring the fluid beneath a 

Siston working up and oown inside a cylinder; the downward stroke of the piston then forces the 
uid up through a pipe provided for the purpose, or in any other direction tuat may be required. 
This kind of pump, the details of which are given under the head of Drainage, Figs. 2529, 2530, 
possesses many advantages over the other. The plunger variety, which is by far the best, was 
invented by Sir Samuel Morland in 1675. A remarkable feature of this invention is the stuffing 
box, without which the steam-engine opald hardly have come into existence. Tlie hemp packing 
of this stuffing box is greatly preferable to the leathers of a piston, as giving less friction, being 
much cheaper, more durable, more secure, and, what is of immense importance in all cases, more 
easily seen and repaired when defective. The packing may be tightened without even stopping 
the engine, and it requires only a few minutes' interruption of work to replace it when worn out. 
In no case is it necessary to remove the plunger itself, while, with the lifting pump, the bucket 
must always be withdrawn entirely from tne working barrel, tnus causing considerable delay every 
time the leathering requires to be repaired or renewed. Another advantage of the plunger-pump, 
in the case of rods Ming emploved, is that it requires less counterweight to be used. The height 
to which a liquid may be raisea by a force-pump is theoretically limited only by the strength of the 
materials and the force available, as in the case of the lifting pump ; but, unlike the latter, it is 
not restricted by other practical considerations. The force-pump thus possesses great advantages 
over the lift in most coses where a pump can be applied, but it is especially suitable in those where 
either of the conditions of a considerable height or a continuous working exists. 

In the two kinds of pumps described above, the piutons have a reciprocating motion. But there 
are other kinds, partaking of the nature of both the lift and the force pump, which have either a 
revolving piston or a set of revolving blades that act upon the liquid in the same way as a fan acts 
upon air. The former are called rotary^ the latter centrifugal pumps. Yet another kind of water- 
raising machine exists, known as the chain-pump, whicn might with more propriety be called a 
watei^levator, since it difiers in no essential leature from a grain-elevator, and lacks every 
characteristic of a pump. We shall consider these several varieties under their proper heada 

£eciprooaUng Ptim/M.— The essential parts of a reciprocating pump are, — the cylinder or barrel, 
the valves, the piston, and the piston-rod ; nnd on the design and construction of these the efficiency 
of the pump chiefly depends. In order to acquire a full understanding of the nature of these con- 
stituent parts, it will be necessary to investigate briefly the prinuiples and the oonditious to which 
their action is subject 

The Cylinder. — ^As the piston or bucket reciprocates in constant contact with the walls of the 
cylinder, the latter must be bored true in order that the piston may flt accurately and work with as 
little firiction as possible. The tendency of the cylinder to become oxidized when iron is used as 
the material of construction often coustitutes a serious difficulty, especially in cases where the 
water or other liquid to be raised is charged with substances capable of determining rapid 
oxidation. In pumps for draining mines, the cylinders and pistons, when of iron, aie frequently 
destroyed in a snort time, and, of course, in such circumstances a satisfactory degnree of efficiency is 
not to be looked for. To remedy this defect, it is usual to line the cylinders with brass, and 
though the first cost is considerably enhanced thereby, the additional outlay is soon recovered in 
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the higher effidenoy of tbepnmp, while the greater durability of the cylinder venders sach outlay 
a real sonroe of eoonomy. llie diameter of the cylinder is generally greater than that of t heenetion 

or the difloharge pipes, and is calculated in inches by the following formula; D = V^ '084 L.y * 

in which G represents the quantity in gallons to be delivered a minute, L the length of the stroke 
in feet, and N the number of single strokes a minute. To find the quantity in gallons that a gi?en 

Sump is capable of delivering a minute, G = *034D'LN ; and to find the quantity in gallons 
elivered at each stroke, G = D' 8 x '00283. 
Tfi9 Valves, — The valves are a very important part of reciprocating pumps, and deserve the most 
careful attention. A large percentage of the power lost in a pump, perhaps the largest percentage 
of that power, is due to the influence of the valves. Yet, while numberless improvements have 
been and are being almost daily effected in other parts which absorb power, few attempts have been 
made to reduce the loss of efficiency in this direction. The cause of this neglect seems to lie in the 
fact that the loss is supposed due to the form of the valve, and as several modified forms of which 
much was expected by their inventors, failed to bring about any appreciable result, the exertions of 
mechanical men have been diverted into other and more promisiug directions. That this supposi- 
tion is an erroneous one we hooe to show in the following remarks, anu at the same time to point 
out what, in our opinion, shoula be the decree of perfection aimed at in the design and construction 
of a valve that is to be actuated by a liq^uid. 

In the first olace, it must be borne in mind that a valve has to fulfil two requirements of aa 
oppodte nature, and tliat therefore the ftilfilment of one is incompatible with the fulfilment of the 
other. These requirements are to afford an unobstructed passage to the water in one direction, 
and to close the passage entirely in the contrary direction. The complete fulfilment of these 
requirements implies the satisfaction of antagonistic couditions. Those imposed by the former are, 
that the valve shall be of the same weight as the water it displaces, so that it may offer no redst- 
ance to the ascending column, that its presence ahall not coutract the area of the paseage below that 
of the water-way covered by the valve when closed, or otherwise obstruct the flow of the water, I 
that it shall move with the same velocity as the water. But even this set of conditions, apart from 
tbode implied in the second requirement, cannot be wholly complied with. Every variety of irslve 
applicable to a pump belongs to* one of two classes, known respectively as the hinged and uie spmdle 
valve. The former is hinged to its seat like a trap-door, and is so well known as to need no 
description ; this kind is usually called the clack-valve. The ktter rises perpendicularly from its 
seat, and the extent of its motion is limited by a spindle or rod fixed to its lower fiice, or by some 
similar arrangement Now, it U evident that both these kinds may be made of any degree of 
lightness, and that therefore tMey fulfil equallv the first condition. But the second oondition can 
be satisfied only by the hinged valve ; for this Kind may open back out of the way of tho passing 
current, while the spindle-valve, rising perpendicularly^tbat is, keeping its axis always ooincident 
with the axis of the water-way — ^must necessarily obstruct the passage. The third condition ia 
fulfilled only by the spindle-valve for if this kind be equal in weight to the water it displaces, it 
will offer no resistance to the latter, and will conseauently move with the same velocity, but tho 
hinsed valve being constmined to move in a cirole, the vdocity of any point in the valve varies aa 
its distance from the centre. The consequences of this motion are, that the entering current ia 
forced away from the side of the hinge, and a whirling motion is communicated to the water abova 
the valve. The loss of efficiency due in this cause is probably considerable, fully equal certainly to 
that occasioned by the diversion of the current resulting from the obstruction offered by the spindle 
valve. Thus it will be seen that the first requirement, even when considered apart from the second^ 
cannot be completelv fulfilled. But when the second requirement is introduced into the question, 
an important modification of the former conditions ensues. For the latter demands that the 
tendency of the water to return shall close the valve, or at least be capable of closing it, that the 
valve shall be sufficiently strong to support the weight of the superincumbent water, and that it 
shall not allow any water to escape during the act of doshig. The first of these conditions does not 
permit the clack to fulfil the second condition imposed by the first requirement by opening back out 
of the way of tho passing current^for it is obvious that if this valve be open at an angle of 90^, a 
return current will not dose it The utmost limit that can be allowed is 70^ Hence the entering 
water will be thrown off the face of the valve at an angle of 20°, and against the wall of the cylinder 
at the same angle with the forward line of direction. The resistance occasioned by these ciroum- 
stances may be token as at least equal to that caused by a knee of 20°. The second and third of 
the above conditions require the valve to be heavier than the liquid, since the requisite strength can 
hardly be obtained without the employment of metal, and the valve must be capable of dosing by 
itrt own weight T|ie excess of this weight above that of the liquid has of course to be supported 
by the entering current during the whole time of admission. Hence another source of resibtance, 
due to the impossibility of fulfilling the first condition implied in the first requirement. The last 
of the above conditions U of the highest importance, and demands the greatest ducidation, since it 
refers t * the chief aooroe of loss, exerts the greatest mod..ylng infiuence upon the first set of con- 
ditions, and seems to be the one least understood. Tho quantity of water lost through the valves, 
which quantity is usually termed the slip of the valve, ia rardy equal in any two pumps of the same 
dimensions, and it varies from 4 to 20 per cent of the stroke ; the former percentage, however, is of 
very rare occarreuuo, though the latter is common. We believe that tiiis serious loss, as well as the 
wide limits within which it is found to vary, arises from failing to appreciate the true nature of the 
slip. Th3 fact that the loss is not reduced to some definite limits is a proof that nothing definite is 
known concerning the matter. The ignorance of makers is, in this case, excusable, since sdentific 
writers, whiee duty it is to be pioneers *o the practical man, are silent on the subject, or at best 
utter but an uncertain sound, llius we find it stated by one nuthority that the loss by slip is due 
rather to defects in construction than to faults in design, while another attributes it mabily to the 
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form of the valve. Xeither of these views is, however, borne out by expertenoe. Yet the question 
oonnot be of a nature to defy investigation, nor can it be impoasiblu to fiud a solution of a practical 
oharaoter. Indeed, it must be a simple and an easy matter to obtain approximate results sufficiently 
accurate to constitute a reliable and ready guide to practice. Such results we shaU endeavour to 
obtain, leaving to mere theorists the labour of determining with rigid exactitude iJl the elements 
of the question. It may be well to state, however, that the conclusions to which our arguments 
lead have been fullv confirmed by experiment. 

It is numifest that if tlie piston pause at the top of its stroke, the column of water which then 
fills the cylinder will remain at rest ; and if the pause be sufficiently long, the valves will close by 
their own weight. In this case the water displaced by the falling valve rises above the latter, and 
consequently none escapes through the valve aperture. The slip is therefore reduced to sen). But 
if, on the contrary, no such pause be made, the valve will be closed by hydraulic pressure, that is. 
by the force of the retnming current, provided the velocity of the piston be not inferior to that or 
the valve, which is due to its own w^ht. And it must be remembered that ^is velocity in a 
submerged valve is not great. Now it is evident, in this case, that the water occupying the space 
passed through by the valve in closing must be expelled, since it cannot, as in the former cuse, rise 
above the valve as the latter descends. This case, therefore, represents the maximum slip, and it 
is this tliat we have to determine. Let us first taire the case of the epindle- valve. Fig. 6899. This 
valve rises firom its seating to a height A limited by its 
spindle or rod r. If the piston return instantly with a 
velocity equal to that of the falling valve, we shall have 
a case of the maximum slip. By equal velocities, it 
must be understood that we mean relatively equal velo- 
cities ; for if the area of the plunger be twice that of the 
valve, it is obvious tiiat to possess a relatively equal velo- 
city we former must descend with only half the abso- 
lute velocity of the latter, since the^ then displace equal 
volumes in equal times. It is manifest that in this case 
the quantity of water exoelled by the forcing down of* 
the valve is tiie column naving the upper mce of the 

valve as its base, and as its height the dOstanoe h of this face ttom the seating. The amount of slip 
may therefore be expressed hj a x hj s being the area of the valve face. The same reasoning 
applies to the hinged valve. Fig. 04P0, the only diflbrenoe being that the height of the column is, 
in this case, the length of the arc a, or the path of the centre of the valve. 

It fiillows horn the forMjoing that when no pause is made at the end of the stroke, the amount 
of slip increases as the lift of the valve. This conclusion is slightly modified in the cuse of the 
hinged vaJve by the speed of the piston, as we shall see later; but, generally, it may be said that 
the diip = the valve area x the mean lift. Here we see at once the cause of the serions loss of 
water tnat constantly takes place in pumps, as well as the absence 'of uniformity in the amount of 
the loss. Valves are made to open as widely as possible, in order to afford an unobstructed passage 
to the watea To render this proceeding justifiable, the loss of efficiency occasioned by the obetrac- 
tion offered by the valve must be greater than that due to the slip. And it must be remembered 
that the water which flows back through the valves represents so much power lost, the same water 
having been previously lifted. Let us examine this question approximately by taking tiie angle 
made by the hinged valve with the forward line of direction as equivalent to a knee of the same 
angle , for we have already shown that the spindle valve obstructs equally at all heights, and 
oonseqnently all increase of lift beyond a oertein height, which we shall presently determine, is 
obviously pure loss. It may be well to state here that the foregoing remarks apply equally to 
the forcing and the suction valves, as the column of water above the former, not beinff supported 
by the pressure of the atmosphere, acts in the same way as the plunger acts upon the latter. We 
have seen that the*hinged valve, when opened to its utmost limits forms a knee of 20^. Suppose 
now a valve 4 in. in diameter open to this angle of 70^. The resistance offered by the knee, expressed 
as head of water in feet necessary to overcome it, is H = 0155 V K, Y being the velocity in feet 
a second, and K a suitable coefficient. This coefficient is *046 for an angle of 2QP, and *86 for 
an angle of 60°. ^Taking V s 4, we have H = 0114 ft = 187 in., and 12*56 x 137 = 1*62 
cub. m. The slip 8 s 1 22 X 2 X 12*56 = SO 65 cub. in. . total, 1 62 + 80*65 = 82*27 cub. in. 
I^ now, we suppose this same valve open at an angle of 80° only, we shall have a knee of 60°, and 
the resistances, calculated as before, are H = 09 ft. = T 08 in., and 12 56 x 1 *08 = 13 56 cub. in., 
and S = 52 X 2 X 12 56 = 18 06 cub. in.; total, 13*56 + 13*06 = 26 62 cub. in. Thus, by 
adopting the former angle of opening, we diminish the relative efficiency of the pump by an 
amount represented by o 64 cub. in. of water, and the power of the pump by 17 59 cub. in. a 
stroke — ^the latter a serioos loss. And the greater travel of the valve causes a greater disturbance 
in the water, whereby the efficiency is again diminished, and a more violent concussion, resulting 
in a speedy destruction of the valve. Hence tiie practice of giving a high lift to the valve for thu 
purpose of affording an unobstructed passage to the water Ib unjustifiable. 

It now becomes necesBary to determine what is the most advantageous degree of lift to be given 
to a pump-valve. The forsgoinx arguments show that the gain increases as the lift U diminished. 
What is the limit in this direction ? Evidently, if the vslve be only slightly raised, tlie area of 
the passage afforded for the water between the lower edge of the valve and its seat will be less than 
that of its lower face, or the aperture which this face covers. Suppose, for example, a spindle- valve 
4 in. in diameter; the area of the water-way closed by this valve is 12*56 sq. in. If the lift of the 
valve be limited to } in., the passage affordea to the water will be 4 x 8* 1416 x '25 = 3* 141 sq. in., 
or a diameter of 2 in. When the water reaches this passage, the vein will be contracted, nn(i will 
reduce the size of the opening still more. Through tlie opening thus reduced the water must pass 
without any diminution of volume in a given time ; hence its velocity must be increased. The 
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exoesB of torte necessary to produce this excess of velocity, the direction of the motion remaining 
the same, will evidently be the effect of the contraction, and will represent the resistance which 
the contraction occasions. To find the mathematical expression of this resistance, pat D = the 
diameter of the water-way, D' = the diameter of the contracted passage, and / = the coefficient of 

D" 

contraction corresponding thereto. The expression of the velocity will then be Y j=p^ ; the force 

requisite to produce this velocity, or the head of water in feet, will consequently be '0155 Y^ JtfY* ' 

the head due to the velocity of the water before reaching the contracted passage being * 0155 V*; 
the excess of head, or the resistance due to the contraction, will thus be 

•0155 V (^,-l)= .0155VD^ (^-1). 

Hence it follows that if a valve be not opened sufficiently to afford an uncontracted passage to the 
water, the resistances will be so increased as to outweigh the advantages resulting from tiie lowness 
of the lift ; and the limit may be fixed at that point where contraction begins. The beet degree 
of lift for pumpHvalves— in other words, the compromise between conflicting conditions that reduces 
the sum of their several disadvantages to a mimmum— is thus expressed for both kinds of valves 
with sufficient accuracy for practical purposes by the simple formula, L = *25D, D being the 
diameter of tiie valve ai>erture, and I the height of that point in the valve which, when the Tatter 
rests upon its seat, coincides with the axis of that aperture. 

The kind of valve most frequently used, especiidly in large pumps, is the dack. There are 
numerous modifications of this as well as the spindle variety, but as we intend to devote an article 
to the subject of valves generally, we shall not descritie them here. 

When the water possesses corrosive qualities, metal valves are unsuitable, and as the water of 
mines is usually of tnis character, wood and leather are almost exclusively used in mine pumps. 
Whenever metal valves are so employed, they are made to beat or fall, not upon seats of iron, 
brass, or other hard metal, but upon faced rings of hard wood let into the part which would other- 
wise form the seat of the valve. By this means the violent concussion to which they are subjected 
in closing at the return stroke of the plunger is lessened. Sometimes a soft metallic alloy of lead 
or tin is used instead of the facing of wood. 

The Piston. — The efficiency of a pump depends in a great manner upon the state of the piston. 
If the latter is badly made or impertectly leathered or packed, or if it has got out of order in conse- 
quence of wear and corrosion— and it is the part most subject to these influences — a large propor- 
tion of the motive force 1b absorbed by useless friction, or the pump parti^ly fails to act oy reason 
of the parts not being air-tight. We have already stated that the bucket, or lift-pump piston, is 
much more liable to derangement and wear than the plunger or foroing-pump piston. This is due- 
to the different manner of packing them rather than to their Afferent forms. The common form of . 
lift-pump piston is shown in Fig. 6401. It consists of a hollow cylindrical piece of wood, usually 
elm boiled in oil, to which an iron stirrup is attached, and having a valve on 
its upper end. In small pumps iron or brass is used instead of elm wood. MOi. 

The advantage of employing metal for this purpose is that a less thickness 
being sufficient, a lai^er water-way may be obtained. To make the piston 
work air-tight in the cylinder, a piece of stout leather is applied to the outer 
surface in the manner shown in the figure, and held by a band or hoop. 
Around the lower end is a second hoop, and the hollow between these is fill^ 
up by winding on skeins of hemp dipped in melted tallow. As the hemp 
proiects slightly beyond the hgops, it presses against the walls of the cylinder; 
ana a sufficient quantity must be wound on to make the pressure great enough 
to prevent the passage of air, and no more than enough, as any excess of fric- 
tion is a waste of power and a cause of unnecessary wear. The weight of the 
water above the piston presses the leather outwards against the waJls of the 
cylinder, and so prevents a leakage between the latter and the piston. Nume- 
rous modifications of these arrangements may be and are maae, but thev do 
not differ essentiallv from the system we l^ve described. Some of these 
modifications have for their object the enlarging of the water-way through the piston, and that 
this object is a desirable one will be admowledgea when it is borne in mind that considerable loss 
of power is occasioned by foroing a column of water through a contracted passage. 

The plunger or solid piston of the foroing pump works through a stuffing box, and is therefore 
not subject to the wear and the liability to derangement which renders the bucket-piston 
objectionable. It should be accurately turned, so that there may be no unnecessary frictmn or 
wear of the packing. When of small dimensions the plunger may be wholly of brass, but when 
large it should be encased in brass, as iron is quite unsuitable m consequence of its liability to 
corrosion. 

The weight upon the piston of a pump is always equal to that of a column of water whose base 
is the area of the piston, and whose height is the vertical distance from the surface of the pool to 
the point of discharge. Let H be this height in feet, and D the diameter of the piston, also m feet, 
and let us take the piston at any part of its stroke. Denoting the vertical distance from this point 
in the stroke to the point of discharge by A, and the height of this same point above the surface of 
the pool bv h\ we have A + A* = H. The piston will he pressed down by the weight of the atmo- 
sphero and by that of the column of water above it, Bepresenting the height of the column of 

water requisite to hold the atmospheric pressure in equilibrium by <, and the ratio — ^r — by v\ 

the expression of this weight is 62*4 t^ D* (< -f- A). The counter-pressure, or pressure beneath tho 
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pistofD, is equal to the atmospherio oolamn, less the oolamn of water below the piston ; that is, to 
62'4 T^ D' (< — h^). The resultant of these two pressure^ or the effective load npon the piston, is 
therefore 624 »» D«(* + A) - 624 »» D« (« - V) = 62-4 »" D» (A + A») = 624 »» D« H, which 
it was required to prove. This pressure upon the piston is independent of the diameter and inclini^ 
tion of the pipes, and is evidently the same for the forcing as for the lift pump. 

The stroke of a pump-piston should be made as long as practical considerations will admit. 
The quantity of water lost through the valves is the same for a long as for a short stroke, the 
diameter being the same. Hence the long possesses a considerable advantage over the short stroke 
in this respect. But a more important advantage consists in the less frequent change of direction. 
When it is considered that in large pumps the inertia of an enormous mass has to be overcome at 
every clumge of stroke, the reality of this advantage will be readily conceded. In mine pumps, the 
rods of which often exceed 100 tons in weight, the stroke is usually from 8 to 10 ft. 

Experiments have shown that when the valves are of the clack varietv, the slip, in some cases, 
decrease:) with the increase of speed in the piston. In some cases by doubling the velocity the 
amount of slip has been reduced by one-half. This is due to the fact that the valve is dosed by 
hydraulic pressure. When the vfUve is heavy and the velocity of the water low, a small quantity 
escapes before the inertia of the valve and the faction of its hinge has been overcome by the 
returning stream and its own gravity. But when the piston moves with a high velocity, the whole 
pressure of the piston is directly and instantaneously communicated to the valve, whicli is then 
closed wholly, as we liave already seen, by hydraulic pressure. If this explanation is the true one, 
the slip will decrease with the increase of velocity omy within certain limits, and no experiments 
of which we are cognizant have proved the contrary. 

The speed of we piston is limited by the velocity of flow in the suction-pipe. To find the 
extreme speed at whicn a piston may be driven, it will therSbre be necessary to determine this 
velocity. Buppoee the piston suddenly raised the whole length of its stroke, leaving a perfect 
vacuum below it, the time T requisite to bring the water to the top of this space, provided it be 
already up to the sleeping valve, is 

2»»D» 



T = -=(V«-L-V<-L-a 

mt j^ 2g 

L being the height of the valve above the surface of the pool, I the length of the stroke, s the area 
of the ^ve apeSrture, and m a suitable coefficient of contraction, the other letters having the same 
signification as before. This formula does not take into account the friction of the water in the 
suction-pipe ; but in this case it would be very little. Representing the mean velocity with which 

the water ascends in the cylinder by v, we have o = = . If the pi9ton possessed a velocity Y greater 
than V, the water would be unable to follow it Y must therefore be less than =-,; and it should not 

be greater than two-thiids of =^ . In practice t may bo taken as equal to 82 ft., and m to include 

the friction of the water in the pipe, as equal to 0*60. 

The expressions for v and T show that the velocity with which the water ascends in the cylinder, 
and consequently that which may be g^ven to the piston, decreases as the length of the suction- 
pipe increases, and increases with its diameter. In large pumps the extreme limit is never 
attained on account of the great weight of the moving parts ana the consequent strain which 
a high velocity would produce. Usually the speed of uxe piston in such cases varies from 6 in. to 
15 in. a second. 

Piston roda. — ^When the pump and the motor are situate upon the same bed or near to each 
other, the piston is easily and emciently worked through the medium of ordinary connecting rods. 
In such cases the pump-piston is connected with the steam-piston, when steam is the motor, either 
directly,, by means of a rod common to both, or indirectly, by means of a crank. With a water- 
wheel the latter is the only method available. When, however, the pump ia situate at a great 
distance from the motor, the transmission of the motive force to the piston is one of the most ditlicult 
problems relating to the subject of pumping. Numerous attempts have been made to solve this 
problem satisfactorily ; but the success wnich has attended the efforts of inventors has, until recently 
at least, not been commensurate with the ingenuity displayed. 

The most obvious means of transmitting the force in these cases, as in those where the motor 
and the pump are near together, is, of course, the connecting rod adequately extended ; and this 
means has, for want of a better, been generally adopted ; for it will be seen that, though a connecting 
rod is a very suitable medium so long as it is of small dimensions, it becomes most unsuitable when 
the dimensions assume excessive proportions. When, for example, the pump is at the bottom of a 
mine and the motor at surface, the weight of the intermediate roas often greatly exceeds that of the 
column of water to be raised, and consequently a largo proportion of the motive force is aHiorlx^ 
by the friction of these rcftls and in overcoming the inertia or their enormous mass. This defect, hs 
well as others of considerable importanoe, will be made more apparent by a description of the system 
at present in use. 

The operations in a mine are carried on at several different levels. In metalliferous mines, in 
which the ore is found in lodes, these levels are usually at a depth of ten fathoms below each other ; 
but in coal nunes, in which the mineral exists in seams, the levels are in those seams. The water 
which collects in these several levels or stages is conveyed to a tank fixed in a recess cut in the 
side of the shaft At the bottom level it flows into a pool or well called the sump. A lift-puiiip 
is fixed from the suiup to the tank on the next level, and force-pumps are placed from tank to tank. 
Thus the water is raised by stages. To actuate the plungers of the force-pumps and the piston of 

8 u 2 



2676 



PUMP. 



the lift, ft rod is carried down the shaft. As the depth of the shaft in a mine that has heen worked 
for an^ length of time va seldom leas than 1000 ft., and as the quantity to he raised is frequently 
foeat, it is ohvious that thia rod mnst be yery strong, and therefore miist possess large dimensions. 
Usually it is composed of balks of Memel timber, pwfectlv sound and straight, and without knots 
or faults of any kind, such as are Uded for the masts of ships, and of as great a length as can be 
obtained. The lengths are put together by scarfed jomts, and secured by stout wrought-iion 
plates bolted through the timber. To this main rod the pistons of the pumps at the severed leyels 
are firmly attached b^ means of a set-off and strong iron straps. These piston-rods work through 
guides to keep them m a straight line, and for the same purpose similar guides are placed at inter- 
vals down the shaft against the main rod. The rod where it passed through the guides is cased 
with hard wood, and kept well greased to lessen the friction. It will be seen from this description 
that the rods are of enormous weight. In deep mines, the main rod alone frequently weighs 
upwards of 70 tons. The mode of working the pumps is to make the motor raise the rods, and 
then to leave the weight of the latter to force up the water. As, however, the weight of the rods 
is usually greatly in excess of that required to raise the water, this excess is taken off by means of 
a loaded lever, called a balance-lever, or more commonly a balanoe-bob. Fig. 6402 shows one of 
these balance-bobs. It consists of a stout balk of timber a, often from 20 to 30 ft. in length, turning 
about an axis at h, and loaded at the end d by a box filled with stones or other heavy materials. 
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The two ends are supported by iron ties passing over 
an upright support upon the axis One of these bobs ^ 
is placed at .surface and others at intervals down the ^ 
shaft, the unloaded end being fixed to the main rod c. 
When the shaft is inclined, which is frequently the 
case, the main rod is made to rest upon friction 
rollers; in other respects the anangements aro un- 
changed by this circumstance. A vertical rod is 
made to communicate motion to an inclined rod, or 
vioe ver$d^ by means of a bent lever, called a V or 
angle bob. As the motor is often situate at a con- 
siderable distance from the shaft, especially when the 
pumps in two shafts ere worked by the same motor, 
the rods aro carried along the surface of the grou;nd, 
and connected with the main rod in the shaft by one 
of these V-bobs. Fig. 6403 shows this arrangement. 
The horizontal, or, as they aro usually termed, flat 
rods a, aro attached by means of iron straps to the 
arm G of the lever, and the main rod in the shaft h 
is attached in the same way to the other arm A. 
When in this position, the Y-bob is frequently double, as in the figure, the arms D and B serving 
as counterweights to A and G. Flat rods aro carried upon friction rollers where the surface of the 
ground is level, and upon vibrating rods where the surface is depressed. One of these vibrating 
rods is shown in Fig. 6404 ; they are arranged to stand vertically when the pump-pistons are at the 
bottom of their strok& 

It is obvious that in the above system of rods a very large proportion of the motive force is 
absorbed l>y the friction of the various parts, and that consequently only a low efiSciency can be 
obtained. The loss of power from this cause is immense, even when the pit-work — ^that is, the 
whole system of pumps and rods— is kept in a perfect condition. But this is an extremely difficult 
thing to do. Some of the parts are continually getting out of order. Freouent repairs and 
alterations are needed, and these often necessitate a temporary stoppage of work, entailmg much 
inconvenience and expense. This, added to a heavy first cost, makes the system a very expensive 
one. When considering the question of cost, it must also be borne in mind that this system requires 
a large shaft on account of the great space oooupied by the pit-work. 

Such are the defecte inherent in the system of transmitting the motive force by means of rods. 
As we have already stated, many attempts have been made to supersede this system. One of the 
most successful is to teke the engine underground and to force the water up at one lift. This \» 
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no doabt, a veiy great improTement, as the Iobb by fHction is rednoed to a minimiim, and the flnt 
ooBt, as well as the cost of maiatenance, is lessened in a yery great degree. This system is, indeed, 
free from most of the defects which we have pointed out in the Cornish pump. It has, however, 
defects of its own. The engine cannot be used for other purposes at the same time ; in the case of 
metalliferous mines the coal has to be taken underground, and utter failure may zesult at a most 
critical time, namely, when a great and sudden influx of water or an outbreak of gas has driven 
the men out of the workings. Besides this, it is of course open to the objection of being inappli- 
cable in the case of water power. To obviate these difficulties, another plan, a modification of the 
preceding, has been proposed, and in some instances successfully carried out. This consLsts in 
placing the boiler at surface, and oonvevinf^ the steam down to the pumping engiDCS through felted 
pipes. Where this system is applicable, it no doubt possesses considerable wivaniages over the 
preceding. But it is unsuitable for great depths in oousequenoe of the condensation which must 
inevitably take place in the pipe ; and, like the preceding, it is applicable only in the case of steam 
power. 

Another system, the invention of G. G. Andr^ has lately been introduced as a substitute for 
the rodjs, and from experiments recently made seems likely to prove very successfuL It consists in 
transmitting the force developed b^ the motor at surfinoe to the pump at the bottom of Uie mine 
through columns of water. There is, of course, nothing new in the principle of this svstem. The 
perfeoi manner in which foroe may be transmitted through pipes filled with water has been demon 
strated by the well-known hvdraulic machinery which owes its origin chiefiy to the inventive 
{genius of Joseph Bramah. And we have illustrated on page 1946 of the present work a system 
in which the employment of columns of water constitutes an essential feature. But all previous 
systems of this nature, though they have been applied to deep mines with considerable success* 
have possessed serious defects which have rendered them objectionable. These defects are— « 
somewhat oompUoated arrangement of the pumps ; violent shocks occasioned by a sudden change 
of direction ; liability of the pressure-pipes to lose water, and so to produce a vacuum beneath the 
motor-pistons, reaultmg in violent concussions ; and a liability, from the same cause, of the pump- 
pistons to get displaced, as' well as a want of a ready means of restoring the pistons to their position 
when so displacea. None of these defects exist in Andre's piump. 

Pipes, — ^The pipes constitute an important part of a pump, and frequently represent a laree pro- 
portion of the first cost. It is therefore essential to economy that they possess no excess of dimen- 
sions. The diameter of tiie pipes composing the rising mam or pump-tree, and the thickness of 
metal, are dependent upon the quantity of water to be raised a mmute, and the height to which it 
has to be lifted, and these must oe calculated accordingly. The friction of the water in the pipes, 
which ia one of the sources of a loss of power in a pump, is dependent upon the diameter of the 

Sipes and the velocity of the water. This velocity sboula never exceed 4 ft. a second. Hence, in 
etermining the dimensions of a rising main, the question of friction must be taken into account. 
In our article on Pipes we have entered fully into the subject of their manufacture and strength, as 
well as that of the friction of water, and we must refer our readers to that article for information 
on these matters. We would remark here, however, that in cases where no air-vessel is used to 
equalise the flow, the diameter must be calculated for the greatest and not the mean discharge. 
For example^ suppose a 10-in. pump, worked by a cnmk, thoMth of which is 1 ft in diameter, and 
the velocity of which is twenty revolutions a minute. The quantihr discharged a minute is 
78^54 X 12 X 20 = 18849 cub. in. = 67*8 gallons. But during one-half of the stroke, the delivery 
is nothing, and it is a maximum at the centre of the other hal^ because the piston has then the 
velocity of the crank-pin. The path of the crank being 8' 1416 ft. in oiroumference, the discharge 
at this point is 78*54 x 87'7 x 20 = JS&2ld cub. in. = 213*2 gallons ; and it is for this discharge 
that the pipe must be calculated. 

• ' 7%« Air-chamber, — ^We have already described under Air-ohamber the use and construction of 
this contrivance for equalising the flow of the water. We shall therefore treat it very briefly here. 
An aiiHjhamber, by maintaining a constant flow, increases the efficiency of a pump. A single-acting 
pump, for instance, loses power in consequence of the piston having to set the superincumbent 
column of water in motion at each stroke. A double-acting pump is in this respect similar to the 
single-acting ; but in a thiee-throw pump th^ flow is continuous, and, for this purpose at least, an 
air-vessel would in this case be a superfluity. But a more important use of a reservoir of air is to 
relieve the pressure, and so to prevent shocks. In this respect they are a very valuable adjunct to a 
pump, and they ought to be applied wherever practicable when the pressure is great. By pracli- 
oable we mean, when no better substitute can conveniently be applied. For we hold that wlien it 
can be conveniently adopted, an accumulator in the form of a loaded piston affords a much better 
means of equalizing the flow and relieving the pressure. The air-chamber possesses the serious 
defect of requiring, in some cases constant, in others frequent replenishing, in couseouence of the 
absorption of the air by the water. This necessity renders the construction of the cnambcr more 
complicated, and consequently increases its liability to derangement. The rapidity with which tlio 
air is exhausted in the chamber depends on the pressure to which it U subjected. The tempentture 
is an element in the question ; but as the temperature of water at a considerable depth beneath the 
surface of the ground varies but slightly, it may in this case be neglected. Common air is oumpo^ed 
of 21 parts of oxygen and 79 parts of nitrogen ; and of these elements, when under the ordinary 
atmospheric pressure of 15 lbs. to the square inch, water absorbs *046 of its own volume of the 
former, and '025 of its own volume of the latter. Hence it will be seen that when greatly com- 
pressed, as it is in an air-chamber, it will be rapidly absorbed by the water. Suppose, for example^ 
the air in the chamber to be compressed sufficiently to exert a mean pressure of 60 lbs. to the 
sqoafe inch upon the walls. The air in this case will be absorbed by the water in the proportions 
of -025 X 4 = * 100 of its own volume, for the nitrogen, and '046 x 4 = *184 for toe oxygen. 
Therefore, unless frequently replenished, the action of the chamber cannot be maintained. In oonse- 
quenoe of this property of water to absorb air, an air-ehamber cannot be applied at all when the 
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pressnro is very great, as in the case of high lifts in mines. Under snch oircnmstanoes the loaded 
piston might often be advantageously emjuoyed. 

To Calculate the Efficiency of a Reciprocating Pump, — ^We have shown that the load upon the 
piston of a pump is equal to the weight of a column of water whose base is the area of the 
piston, and whose height is the verticiil distance from the surface of the pool to the point of dis- 
charge. The lifting of this weight constitutes ttie effective work of tlie pump. To ascertain what 
Sroportion this work bears to the total work transmitted from the motor, it is necessary to 
etermine the other resistaoces whidi the pump has to overcome, and which may be called passive 
resistances, since they merely absorb force without producing any useful effect. These are ; — 1, the 
friction of the piston against the walls of the cylinder or the packing of the stuffing box ; 2, the 
friction of the water in the cylinder and pipes ; 3, the contraction of the fluid vein at its entrance 
into the suction-pipe, and at its passage through the water-way of the valve ; 4, the weight of the 
valve ; and 5, the inertia of the muss of water to be set in motion. 

Besides the above, there is the resistance due to the friction of the rods, when the latter are 
employed, and this resistance is frequently greater than the whole of the other passive resistances 
together. But as it is very variable, depending as it does very much upon the state in which the 
iQoa are kept ; and as, mon-over, it is not common to all reciprocating pumps, we shall leave it out 
of the question. In determining thq passive resistances, it is not intended to give rigorously 
aconrato results; an approximation is all that can be attained to, but the approximation is 
sufficiently near for practical purposes. 

The friction of the piston depends upon the nature of the materials and the pressure of the 
^VBter. When the leathering consiste of a simple cup-leather, ite upper edge being preyed against 
the w^lls of the cylinder by the column of water resting upon it, the pressure is proportional to the 
height U. Also in other cases, and in general, the packing has to be tightened as the pressure 
increases, so that the friction still remains proportional to H. This proportion has been found bv 
careful experiment to be about *06 of the weight of the superincumbent water when the piston is 
in a good condition. 

The friction of the water in the rising mnin of a pump is very nearly the same as that of the 
water in an ordinary water-pipe, and may therefore be found with sufficient accuracy from the 

formula H = , in which H is the head of water in feet due to friction, G the discharge 

(3 ay 

during the effective part of the stroke in gallons a minute, L the length of the pipe in feet, and d 

the dmmeter of the pipe in inches. 

The height due to the velocity of flow through a contracted passage is given by the formula 

H ss /-: ) in which the letters have the same signification as above. Hence the resistance 

\d* X 13/ 

due to the contracted passages will be represented by ( ^ ^ ^g j + [(jT^ns) ~ \ cP x 13 /3 

(T being the diameter of the second contraction. 

At tho beginning of the up-stroke of the piston, when the water presses against the lower face 

of the sleeping val?e, it meets with a resistance due to the weight of the valve. To overcome this 

vesistance a force at least equal to this weight>must be exerted against the lower face of the valve. 

To determine the height of the column of water representing this force, lot us teke, for greater 

generality, the case of a clack. Let W be the weight of the valve in Iba., / the distance of ite centre 

of gravity from the axis of Yotetion, s the area of the water-way, the distence of its centre from 

the same axis, and x the height sought, the measurements being in feet. W / will be the moment 

of the resistence due to the weight of the valve, and 62*4 s x ^^ will be that of the opposing force. 

And since the two forces must be equal, we shall have W ^ = 62*4 s j; /^ Deducing from this 

equation the value of x and multiplying it by 62*4 «■ D' to find the force te be &«ted by the 

W T^ D' / 
piston, we get j^ If the valve when closed instead of being horizontal makes an angle B 

with the horizon, this expression must be multiplied by cos. 9. With a spindle-valve covering a cireular 

orifice of diameter d, we shall have simply W -=■ ; and this value will be sufficiently exact for all 

practical purposes for both kinds of valves. As the valve has to be held open during the whole of 
the stroke, this force may be considered to be exertad during the whole of the time the piston is 
ascending. 

The inertia of the water, which we have given as one of the resistances to be overcome, seldom 
occasions a loss of power, because usually the motion of the piston is regulated in this respect 
by tiie machinery to which it is connected. For instence, if it is driven from the crank of 
a wheel poaseesing a uniform motion, it starts from a stete of rest with the water which it drags 
after it ; it rises at first with an accelerated motion, and the acceleration gradually decreases until 
at the middle of the stroke it becomes nothing. The velocity is then reterded until it becomes 
nothing at the top of the stroke. During the first half of the stroke, the motion has acquired an 
accelerating force diminishing progressively, and during the second half a retarding foree increasing 
according to the same progression, and suClcient to entirely destroy the effect of the former. Thus, 
what it has been necessary to teke from the motive force employed to overcome the inertia of the 
mass raised during the first portion ofthe stroke, will be given bnck by the inertia of this mass to the 
same foroo during the second half ; and therefore the inertia will not have occasiotied any loss of force. 

We will now show the application of the above principles and formulie by means of ^an 
tixample. Let it be required to determine the sum of tne resistences in a single-acting sucKing 
pump, making twenty effective strokes a minute, and having the following dimensions ; — Diameter 
of baneL D = '70 ft ; length of IxuicI, L = 5 ft. ; diameter of suction-pipe, cf = *5 ft ,* length of 
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guction-pipcL^ =z 20 ft ; when L + L^ =sH = 25 ft.; length of stzoke, 2 = 4 ft. ; weight of sleeping 
TBlye, W = 21bB. 

In this caae the discharge is 220 gallons a minute. Bat as the pomp is discharging during one- 
half of the time only, namely, daring the up- stroke, this quantity most be doable in calcalating 
the resistances. 

Weight of the column of water to be Ufted = 624 v« D* H = 

Friction of the piston = 686*25 x '06 = 

Friction of the water in the pipes (neglecting the barrel) = H » Tgf^vS" = 
Besutanoe doe to contraction and Telocity in suction-pipe = H = f j = 



Besurtanoe due to weight of valYe = W -^ 



686-25 lbs. 
4117 „ 


24-46 
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Total resistanoe = 767 '50 lbs. 




The low of power is thus about 11) per oent In the above case the diameter of the valve 
orifice is the same as that of the suction-pipe ; consequently there is but one contracted passage. 

Centrifugal Pumpa.— Centrifugal pumps, as we have already stated, are merely water-fans, and 
therefore the princiides which apply to a blowing machine will, with slight modifications, be equally 
applicable to a centrifugal pump. Fig. 6405 shows the action of one of these pumps. Supposing 
the pump to contain water, and the revolving disc of blades to be 
set m motion in the direction of the inner arrows, the water in *^*^ 

the channels between the blades, as well as that between the 
edges of the blades and the outer casing or box in which they 
revolve, will be driven in the directions shown by the middle and 
outer arrows, and will thus be constrained to pass out through 
the opening provided for that purpose. The force with which 
the water flows out will obviously be equal to the centrifugal 
force developed by the revolving difio, which force is dependent 
on the velocity of revolution.' As the water flows away from 
the centre a pcurtial vacuum tends to form there, and this brings 
up the water from below. The height of suction should be 
small ; for if the discharge due to the velocity of the blades is 
greater than the supply through the suction, the pump of course 

fets out of water and ceases to work. Wherever possible, it is better to avoid suction altogether* ' 
y placing the pump beneath the level of the water to be raised. 

The form of the revolving blades or vanes has a great influence upon the efficiency of the pump^ 
Originally they were made straight and afi^ed to the centre radially. But Appold, by the adop- 
tion of the curved form^ more than doubled the efficiency. Other details of construction also 
materially afieot the work of a centrifugal pump. As, however, these questions have been 
discussed, and some of the most approved models fully described under Hydraulic Machines, we 
must, to avoid repetition, refer the reader to that article for further information concerning the actual 
construction of this kina of pump. 

As the height to which the water will ascend in the delivery-pipe is due to the centrifugal force 
developed by the revolving blades, it is evident that this height can never be great, and also that 
the velocity of revolution must in every case be considerable. Some cases have been recorded in 
which, by means of a very high velocity, a height of upwards of 50 ft. has been reached ; but such 
heights are only the result of curious experiments. Practically, 20 ft. may be considered as the 
limit. The force with which the water ascends being equal to the centrifugal force, we have as the 

expression of the work done, W = -^ — x P = -^ — P being the weight of the particle of fluid 

transferred by the centrifugal force from the axis of rotation to the extremity of the radius r, • the 
angular velocity, and v the- velocity of the extremity of the blades. Also, if we make P =i the 
weight of water passing a second, and Y the velocity at tlie end of tne blades in feet a second, we 

P V 
have, neglecting the loss by friction and other causes, W = -^ — * In the 1)e6t pumps this loss is 

Ag 

*65P V^ 

about 35 per oent. ; multiplying the preceding expression by '65, we have — ■= = the efTeotive 

Ag 

work. Hence H = ^r- x '657*s '0155x *65 Y*='Oiy*. If it be desirable to introduce the number 

of revolutions into the formula, wo have, as already given, V = ; whence H = '0012 r* n' 

Appold gives the formula V = 550 + 550 VH . 

The proper proportioning of the several parts of a centrifbeal pump is a matter of great 
importance. J. Glynn nves the following as the most suitable dimensions ; — Let r represent the 
external radius of the blades or radius of revolution ; v the surface velocity of the blades, which 
must bo proportioned to H the maximum dynamic head of water to be overcome, and which 
consists of h the height to which the water is to be delivered above the lower level, A' the height 
due to the velocity of delivery, and h" the head due to friction and other resistances in ths 
machine. 



2680 



PUMP. 



Then -=H=:A+r~fl + 2/j, Y bemg the velocity in the rising main 2/, the 1001 of the 

several zeaistanoes ; and the eiarfiftee Telocity of the bladea la « = V (2A + --^1 + '025-^^ 
d being the diameter of the pipe. When the pipe is not vertical its length / must be subatitoted 
for h. Taking the diameter of the rismg main as nnity, in proportioning the pump, let r =s ^ d; the 

3 3 * 

radius of the can of the pump = ^d; the breadth of the bladM = -dnearly; the diameter of each 

7 « 
of the indraught passages = d, and the mean radius of the casing of the pump = - <f x =; • 

The power required to drive a centrifugal pump, and to raise a given weight of water W, a 
minute, u, taking the efficiency as 50 per cent, and only the best pumps exceed this. 



2W(» + 1^(1+ 0261)). 



The diameter of the rising main and suction-pipe usually adopted is aa ibllowB Ibr the siaes 

given ; — 



Number of gallons a minute 
Diameter of suction-pipe . . 
Diameter of delivery-pipe . . 



25 
2 



70 

4 
8 



150 
5 

4 



800 
6 
5 



500 
7 
6 



1400 
8 
7 



One of Appold's centrifugal pumps 1 in. in diameter, and making about 6500 revolutions a minute, 
will discharge 10 gallons of water, while a 12-in. pump, having the same velocity at the circum- 
ference, that is, mwng ^ the number of revolutions, will discharge 1440 gallons a minute, being 
according to the square of the diameter and not acoording to the cubic contents. Experiments have 
shown that the 12-in. pump will raise; the water without discharging any, 1 ft. high with 159 
revolutions, 4 ft. with 318, 16 ft with 636, and 64 ft with 1272 revolutions a minute. 

The fullowing Table giving the mean results of varioris experiments with Appold's 12-in. pump 
furuishes important information ; — 



Number of 
revoltttloDfl 
a minute of 
6-in. drum 
and pump. 



400 
412 
427 
440 
453 
474 
481 
495 
512 
535 
563 
580 
595 
607 



Number of 
gallons raised 
6 ft. • In. high 

a minute. 



500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 



Equivalent in 
lbs. raised 1 ft. 
hi^ a minute. 



27,500 
33,000 
38,500 
44,000 
49,500 
55,000 
60,500 
66,000 
71,600 
77.000 
82,500 
88,000 
93,500 
99,000 



Strain in Iba. 

on a drum of 

4 ft. diameter 

drlTingoneof 

6 in. diameter, 

as measured 

byadyoA- 

momeier. 



74 

80 

87 

94 

100 

106 

113 

118 

121 

126 

134 

138 

142 

150 



Equivalent strsln 
on the steam-eoglne 
rated in lbs. rstoed 
1 It bi^ a minute. 



44,400 

49,440 

55,723 

62,010 

67,950 

75,366 

81,479 

87,615 

94,017 

101 , 115 

113,163 

120,060 

126,733 

136,575 



Pnoentageof 

woricdooe 

compared wttb 

power expended. 



'7 
7 



61 

66- 

69- 

70-9 

72-8 

72-9 

74-2 

75-3 

76- 

761 

72 9 

73 3 
73 6 
72-5 



The efficiency of this pump, as shown by the results tabulated above^ is unusually high. The 
majority of oentnfugalpumps do not give a higher percentage than 50. 

The Chain-pump, — Tne chain-pump consists essentially of a rectangular case or pipe, through 
which an endless chain works, beaiing at intervals a rectangular plate of wood of slightly 
smaller dimensions than the inside of the pipe, and arranged to stand horizontally as it 
passes up through the pipe. Fig. 6406 represents one of Murray's chain-pumps, the most com- 
monly employed in this country. The chain passes under a roller at the foot, and over a small 
f>itoh-wheel A at the top, by which it is driven through the medium of suitable gearing. The 
il'ts G feather in passing over the wheel to the descending side, and unfold when brought round 
to the foot of the pipe on the ascending sicb. Thus the pump is enabled to take off the water with 
the same dip as other pumpe. As will be seen by the figure, the lifts carry up the water above 
them in the pipe and discbarge it into a trough at the top. To avoid friction, these lifts are 
made to work freely in the pipe or barrel, a play of about \ in. being left between their edgeaand 
the barrel. Thus there is a certain amount of slip ; but as the chain is driven at a considerable 
velocitv, this amount is not great Experiments made by Lovick for the London Metropolitan Board 
of Woras showed the slip to be about 20 per cent The ordinary speed at which the chain is 



driTen ia from 200 to 800 ft. k inlinit«. Frcm 10 to 12 It. smrt bu been ftnmd to be the bett 
pitch for the lifts ; pattinK them ommt oeedlewl; inontMee the oompleziW of the pump. Tbi« 
pump, vhioh ia lemukable for ita mmplicd^, is verj effeotiTe iqi to » height of 50 or 60 ft. 



Lovl<k'i expeiimenla riiowMl its efflcteney to he tbovt 63 fOf 
cent, of the indioated hotre-power of the engine woAlng it. 
One gn«t tdnntaKe pooeMed by thl« Uud ef pump 1* II* 
freedom from the li^ilitr of being chtdced. 

J>ynipi for Draming j/rm»,— One of the mort importvit naoa 
to whidi a pump may be ajM>lied la the Temoral of wa'er from 
tbe wotkinn in minei. The oariTing on of the vbole of the 
nndeiKioaiia opentioni ia dntendent on the MVfrel poloti of 
deTeb^Kiieiit bdng kept l^ee from the water tbU ia oontitinallj 
ianiag fntn tbe watei^bckrlng atrata driran throngb, and tbe 
UBtttte of thew 0| tfBtiooa !• nwh that pump* alone an arall- 
able aa tbe mens o( drainage. Bmee It ia eaMntial that the 
punpa applied to thla pnrpoae abonld b« capable of nlaiiig the 
masunnm qtmntlty of vat^ enterinjc in a riven time, and be free 
from all liability to detangetpent The ctrcnmatanoea, howeTrr, 



there yet lemaina a lone len^ of irstet-pipca eipoeed to great 
preasiue and frrqiient ihorb, aa irell aa to tbe afrong oornialTe 
aotion of water ohurged with rariooa mineral ■ubstaDoea. Thus 
the Mune degree of efBdancy, with the aame immnnity from de- 
rangement ia not to be looked for in a mining pnmii aa in one 
eatabllahed in more &TonTable altnationi, and thia bet mnat be 
borne in mind vben estimating the meiiti and demerita of any 
system of mine-pmnping. 

The Cornish ayitem vaa, until Tsry noently, tbe only one 
applied to mining pmpoaei. It oonaiata, aa we hare already 



of them eunulttu 



y from ODO main lod. Figs. 6407 to fr 
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show the details of this system. Fig. 6407 is the first or lowest lift, and is always of the lifting or 
common bucket kind. The reasons for the adoption of this kind for the bottom lift are — ^the feM^ty 
with which it may be lowered as the shaft is sunk deeper, rs^^ 6409. 

and the liability of the bottom lift to be drowned by a rise of 
water in the well, consequent on a stoppage of the pump for 
alteiations or repairs. If a plunger-pump were used io this 
cfise, a rise of a few feet would cover the whole of its valves 
and working parts, and so render tliem inaccessible for repairs 
before the water was got under. But the bucktt of a lifting 
pump can always be drawn up to the top of its rising main A^ 
Fig. 6408, above which the water is not likely to rise before 
it is mastered. And as there is a contrivanoo for remedying^, 
from the same level, any defect in the sleeping valve beneata 
the piston, the perfect working of the pump is secured until 
the water is lowered to its accustomed level. To enable the 
bucket to be drawn up readily, the rising main is about an 
inch larger in diameter than the working barrel, and the 
latter is made trumpet-mouthed at the top to facilitate the 
entrance of the bucket when lowered from above. The 
clack-valve a is accessible, when the level of the water per- 
mits, by a door b. When, however, the water rises above this 
door, and the valve a gets out of order, the contrivance alluded 
to above must be resorted to. 

In the cluck-piece below the barrel at A, the bore of the 
pipe is contracted at c to a size a little smtdler than that of 
the working bcurrel, and thus made slightly oonicBl. A drop- 
valve made to fit this bore may then be dropped down through 
the pipe and barrel to its seat, as shown in the figure in 
dott^ lines. The action of the pump may be continued by 
moans of this temporary valve until the water has been suffi- 
ciently lowered to render the fixed valve a accessible. The 
drop-valve is provided with a loop or handle, to enable it to 
be easily drawn up. 

The bucket-rod passes up the rising pipe A« Fig. 6408, 
and is fixed to the main rod G by means of a set-off and iron 
straps D. In this lift, the water is raised by the up-stroke 
of the rods through the pipe A, whence it is discharged by tlie trough or ooUar-launder a into the 
cistern 6. 

The second lift is a plunger-pump, and it takes its water ttom the cistern 6. As this oi tern 
receives the water which drains into it from the levd on which it is placed, the second pump must 
be of larger capacity than the first ; and this is the case ^ith each lift in succession. Fig. 640 i is a 
section of one of the plunger-pumps. The plunger c is driven upon the wooden rod dj or, a i it is 
technically termed, pole, and made tif ht by wedging into the bottom end. This pole is fixed to the 
main rod G by means of a set-off «, and iron straps and nuts. A guide /keeps the pole in a true 
line with the axis of the barrel, or, as it is called in Gomwail, pi le-case. 

When the plunger ascends, the water is sucked in through the wiud-bore h and valye I into the 
double pipe or H-piece B, whence it is expelled by the descent of the plunger through the delivery* 
valve A, and rising main B', which conducts it up to the cistern on the next level above. As all the 
other lifts are preciselv similar to this one, they need no description. The height of each lift is 
usually from 80 to 40 fathoms. The main rod, as Already described, works through guides fixed at 
intervals down the shaft, and that the friction of the rod against these guides may not be excessive, 
the former must be well made, firmly put together, and truly hung. At the top it is bun^ to the 
gudgeon of the outer end of the engine oeam, or to the arm of a double Y-bob, as i^own in Fig. 6403. 
The excess of weight above what is required to raise the water is taken off by means of Udance- 
bobs, as shown in Fig. 6402. At intervals down the shaft side pieces are strapped to the main rod, as 
8, S', Fiff. 6409 ; these serve a double purpose. Their primary use is toprevent the rods from descend- 
ing too mr, and so causing injury to the pumps and to the engin& When the rods have descended 
sufficiently low, the side pieces come to rest upon the blocks r, rf, which are supported by tho 
timbers <, ^, let into the sides of the sliaft. But another important use is to prevent the rods 
from falling down the shaft in case of fracture ; for should the main rod break at any point, the 
portion below the ru|)ture would be supported upon the blocks, and thus incalculable miwhief 
would be averted. 

The joints of the pipes are always fiange-joints. To render the joint water-tight, a ring of lead 
or wrought iron, which has been previously wrapped round with a piece of common woollen cloth, 
and afterwards dipped in tar, is inserted between the fianges. The joint thus formed is very sound 
and durable, and it admits of being taken apart with the greatest facility. 

To preserve the pipes from the corroding action of the mineral water, it is usual to line them with 
a thin casing of wood. The mode of putting in the wood is to place it in the form of staves, like those 
of a cask, round the interior of the pipe, leaving a small space oetween the last and the first inserted. 
Two wedges are then driven into this space from the two ends of the pipe by simultaneous blows of 
a hammer. This simple operation is sufficient to keep the lining firmly in its position. 

The system of pump wnich we have been describmg is in some respects yery suitable for the 
purpose to which it has been almost exclusively apj^ied, namely, tiie draining of mines. It 
possesses no delicate parts, and it is of so simple a nature that any alterations or repain may be 
efiected by the most inexperienced hands. This is an important advantage in a mining pump. 
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Anothei adrantiige olaimed foi it i« the Kbilitj to take the water from eaeli of the lereU or etagioe 
ia a, mine. This adrantage, boweier, haa ila <»inpeii8aliDg defect iu the additional mmiber of 
uumps required, and the greatW increaseil fiiction resulting therefrom. Bejoud this the BjBtem 
hat Uttla Id reoomracod it ; it« ont ooet ia great, and the oast of its maintenanoe is also great. The 
poniletous rods tequire ooaBtaDt attention and frvquent repairs; they ooeupj a Urge portion of tlie 
BpBce in the ahaft; the; muat be oounteiweight^ bj balanoe-boba, ptuoed in cavities exoavatfd 
horiKintallf in the Bides of the ehari— a Terf expeosire situation— and the; ore the Kiuro« of 
great loas of power from friction. Also the mode of working the pumpa by raudng the rods and 
using; their weight to force up the wuter is liilse in priuciple. It is lifting a heavy weight In order 
tliat by ita fall it may bring up n luss one. This may be the best mode of working the Oamish 
system of pumpa ; but it is working at a loss nevertheleaa. That tliere may be no hitoh in the 
vorkine in consequence of obstructions, the excess of weight to be lifted must be considerable. 
Thus the total amount of loss from friction, and other causes, coDstitates a very large peroentage of 
the motive force. And as iu the case of steam power the loss of motive force is represented in the 
fuel consumed, this loss forms an important item in the cost of working. When water, power ia 
employed, one-bslf of the effective power of the wheel is lost alb^ther when, as is often the case, 
only one set of pumps are driven from the wbeeL As the crank by which the main rod is raised 
works through only one-half of its revolution, the whole of the water expended during the 
other half of its revolution ta sheer loss; and this low is in addition to that from friction end 
the other cinsee alluded to above. Another disadvantage of the system Is the difficulty of 
changing the direction of the motion. The mnltipUcatioii of T-bobe is attended with great inoon- 



Tcnience and loss of power, and beyond a very slight degree is impmctioable. This difflcultj of 
changing the direction often necessitates the inking of a shaft in a direction suitable for the pit- 
nork rather than in that which is tnore favoorable in other respects. Tbeee defects render the 
system of pumping by means of rods a very imperfect and expensive one ; and the desirability of 
Hubstituling for it a more efflcieat system has Il-u to the inttoouotion of sevoial others to which we 
Lave already Tefcn<ed. 



cylinder provided with a piston B. Steam Is admitted to this cylinder throngh port* a, a*, and it 
exhausts throQgli the port b \ and these ports are opened and closed by the action of the slide-valvo 
c, which is of the ordinary construction, and which may be so arranged as to admit steam under 
the valve, as in the figure, or which may bo oonitrncted in any other suitable manner. This slide- 
valve is seated on the bottom of the Btcam-cheet D, the ends of tchieh form small eylioders E, ET, 
bored out to reoclve small pistons V, V, which arc connected to each other by a nid O, and this 
rod it provided vith two collars to straddle a standard c which rises from the back uf tlie valve. 
Small channels d, cT, mssing through the pistons F. F", form a communication butivccn the interioi 
of the steam-chest and the outer etidB of the supplementary cylinders E, £*, so tlint the small pistons 
are expooad to a uniform pressure of steam Dom all sides. The supplementary ovlinders E, E', 
communicate thiongb channels «, e', with chambers H. H', in the oylinder-heads, and oommunicnlo 
with the interior of the main cylinder A by means of oponicgs /, f; these ehambeiB are bored out 
Ifl receive piston -valves I, I', the stems of which pn^t through the openings/, /, into the main 
cylinder A, end theycommunicateby moans of channels Ji, A', nitb the interior of the tteam-ohiietD; 



1^84 PUMP. 

the ohannelB being 00 sitiiate that the outer ends or heads of the ^ston-TalTes I, I', are conthinaUy 
exposed to the pressure of the steam which fills the vaWe-chest. By this pressore the piston-valves 
are forced towanls the inner ends of the chambers H, H', whenever tne inner ends of these chambers 
oommuoicate with the exhaust end of the cylinder, and in this position the piston-valves close the 
channels 0, e\ leading to the supplementary cylinders F, F', as shown in the figure, where the valve I' 
is represented in position to close the channel e\ the main cylinder being represented to take 
steam through the port a, and to exhaust through ports a\ b. As the piston reaches the end of its 
stroke it comes in contact with the end of the stem of the valve I', which it pushes out into the 
chamber H', the channel e^ is thrown open, and the outer end of the supplementary cylinder £* is 
brought in oommunioation with the exhaust-port 6. By these means the eouilibrium of the small 
pistons F, F*, is disturbed, and the steam acting on the outer head of piston F, causes these pistonsL 
together with the valve, to change their position. The motion of the main piston is revised, and 
as soon as that end of the main cylinder containing the piston-valve I is brought in communication 
with the exliaust-port 6, the live steam pressine on the outer head of that piston-valve causes the 
same to fly in and dose the channel e. In the meantime, the steam passmg through the small 
channels d^df, isi the supplementary pistons F, F', restores the equilibrium of the small pistons until 
the main pistcm, by coming in contact with the stem of the valve I, prodnoes the subsequent 
change. 

The steam-piston B oonneots by a rod J with the pump-piston which works in the cnrlinder K. 
By placing the mechanism for changing the steam-valve m the interior of the steam-oylinder, the 
piston,-rod J can be made very short, and the two ovlinders A and K can be brought close together. 
The pump-cylinder K is provided with a valve-chamber L containing four valves /,/, k,k\ and 
communicating with the ends of the cylinder through channels, with the suction-pipe through an 
aperture m, and with the delivery-pipe through an aperture a. All tliese channels and openings 
are exposed by removing the bonnet, so that they can be readily kept' clean, and the correct 
operation of the pump ensured with little trouble. 

The valves y, /, I, A', are constructed of discs, which are provided with annular reoeeses to 
receive a packing of india-rubber or other elastic material ; this packing projects beyond the &oe 
of the valve, as shown in the figure, and if the valve comes down on its seat the packing forms a 
tight joint, and the valve is prevented from coming in metallic contact with its seat on account of 
the incompressibility of the rubber or other packing confined in its recess. The seats o are cast of 
brass or other suitable material independent of the pump, and they are fiftced off and then cast into 
the lining, so that they require no further attention when the pump casting is received from the 
foundry. In order to retain the seats firmly in their places, they are provided with grooves P, P, in 
their peripheries. The oast iron which composes the pump runs into these grooves and retains the 
seats. The valves j,f, ^ k\ are held in the proper position in relation to their seats by pins 9, q% 
which screw into the centres of the seats ; and, if desired, springs r may be applied to hold the 
valves down upon their seats. 

The play of the pump is very simple, and will be readily understood. When the steam-piston 
moves in the direction of the arrow, the valve j opens to admit water fh>m the suction-pipe, and 
the water in front of the pump-piston is forced out through the valve k' and through tiie delivery- 
pipe. When the steam-piBton moves in the contrary dureotion, the valves j' and k open and the 
YtAyesj and k' close. The pump constructed for the Adelaide Collieries at Bishop Auckland, has a 
steam-cylinder 26 in. diameter, and the pump, which is double-acting, is 6} in. diameter, with a 6-ft. 
stroke. The engine-room is situate at a depth of 1040 ft. beneath the surface. It is an arched 
chamber, 100 ft. long by 20 ft. broad, and 10 ft. high at the centre. The boiler, which is double- 
flued, 27 ft. long and 7 ft. in diameter, is erected aX the far end of this chamber, and the pump is 
placed between the boiler and the shaft. Thus the height to which the water has to be raised is 
1040 ft., and this is done in one lift at the rate of 130 gallons a minute. 

The Universal pump may be taken as the representative of the system of working the engine 
underground by steam conveyed through felted pipes from the generator at surface. Of course, 
this is not an essential feature in the universal pump. If it will work with steam conveyed from 
surface, it will work with steam generated in an engme-room under ground, as in the case of the 
Special pump. But it has been largely applied in this system, and is widely known in connection 
with it Fig. 6411 is an elevation of one of these pumps. It is remarlnble for the extreme sim- 
plicity of its parts. As in the Special, the only portion of the mechanism exposed to view is a few 
inches of the piston-rod between the steam and pump cylinders, and this portion is protected fiom 
blows by a half-cylindrical casing. Another remarkable feature is its compactness. A pump 
with ft 15-in. steam-cylinder and a 12-ft pump-cylinder, capable of raising 28,000 gallons an 
hour, oooupies a space of only 8 ft. 4 in. by 8 ft. 1 in., the weignt of such a pump being only two 
tons. This is a great advantage in all cases, but especially in mining operations, and as they are 
self-contained, they require but little foundation. These qualities render them peculiarly suitable 
for placing in the workmgs, as they occupy little space, and may be easily moved forward as the 
heading advances. 

The essential feature of the Universal pumping engine consists in having a cylinder and piston 
so suited to each other that the piston will perform the functions of a valve in opening and cloeinir 
the porta of the inlet and exhaust passages. This is accomplished bv making the piston as mu^ 
longer than the stroke as is required to cover the steam-ports at each end and exhaust-apertures 
in the centre of the cylmder lengthwise alternately at the same time when in operaUon. Besides 
this, there is an arrangement of steam-passages to the interior of the piston, in which a piston-valve 
IS so arranged with ita steam-passaees and cavities as to properly communicate with the passases 
in the piston to change and direct the fiow of steam alternately to each end of the cylinder for Sie 
purpose of producing the reciprocating movement of the piston without external valve-gear The 
nature and construction of the various parts will be better understood by refeience to the accom- 
panying figures. 



Fig. 6412 ia a laneitniliiiBl Krtlonal view throngh the Keam-orlliidcr uid pump ; fig. 64IS 
is ft pku Khowing Ulb atMiitcjliiidfir and |iiitan in 1601101^ md the pnmii with •ir-veMel 




mnmred; Fig. 6414 la % tmnsretse seotton of the etMnwiTlinder, pialon and ntve. A A is the 
BtcAm-crliiider. B the piston. Knd C the pUton-valvo within it Q U the itoam inlet plpn, and H 
the eihanst-pipe ; m, m, aro ntdi oonnecttng the eoTen I, T, ^f the piiton ; k, k, ipriu)^ Burronnding 

theenili or the piston; a"- - '-■--» -^ • ......--.. . 1—. — i -jj- _!--.— 

preventinft rotary motion 
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opening A, which ia in constant commnnicfttion with the inlet-pipe. It should be remarked that 
tnis aperture is made above the centre of the piBton-TalTo in order that the steam 



6414. 




6415. 



may exert a 
presauie downwards g^reater than in anjr other direction, and 
thereby cause the bottom surface of the piston-vaWe to slide steam- 
tight. The steam passes down the ports and passages, as shown 
by the arrow, and thereby has access to one end of the piston, 
causing it to make a strtwe. On or near the termination of the 
stroke, the piston causes the elongated slot g in its side to pass 
over the opening d in the side of the cylinder, communicating by 
a passage with the opening «, over which passes, simultaneously 
with the latter, an orifice and passage a in the piston leading 
directly to the inner chamber wherein the piffton-valve works. 
Hence the steam gets access to the back of the piMton-valve, and 
forces it to the opposite end of its traYcrse; the steam on the 
opposite side having at the same time free access to the exhaust- 
pipe through the passage 6 6 in the piston, similar to the 
pa&sage a before mention^, which passage b h passes over a cor- 
responding aperture c' in the centre of the length of the cylinder. 
Thus the piston-valve, on the principle of the D-slide, changes 
the direction of the steam, at the same time opening the exhaust 
communication, and causing the piston to make a return stroke, 
the steam escaping, as shown by the arrows, down through tht 
apertura and the exit-pipe H. A certain amount of lead is given 
to allow the steam to exhaust before steam enters on the other 
side. 1'his is accomplished by permitting the passage c' to com- 
municate wiUi each exhaust-passage leading to the oack of the 
piston-valve a little before the slot g covers the aperture d. 

Fig. 6415 is a transverse section of the pump, a longitudinal 
section of which is shown in Fig. 6412. A suction-pipe W is 
affixed either side of the chamber W, as may be neoc'S:»ary, a 
portion of which chamber is below the barrel of the pump, and 
communicates by passages outside and surrounding both sides of 
the barrel with the suction-valves P, P, from where it ha<} access 
to either end of the pump. The water is thence forced up the 

Sassage R' and through the passage R, tho latter of which has a 
iagunal and horizontal direction hading to the delivery-valves 
y, y, whenco it enters the chamber S. To this chamber a dis- 
charge-pipe T is affixed, capable of bein^ used on either side to 
suit convenience. This arrangement of the. water-passages aud 
valves, so that the suction and delivery pipes can be attached to 
either side of the pump, allows the valves to be got at for repairs 
or other purposes without breaking and renewing pipe-joints. 

'J'his pump works with remar^ble ease, on account of there always being a cushion of steam at 
the insttmt of reversal, both in the case of the valve and the main piston. It is readily erecterl and 
as readily removed ; it occupies but little space, does not easily get out of order, and altogether 
may be taken as a good example of the system of underground pumping engine at present existing. 
The defects inherent in this system we have pointed out already wnen considering transmission of 
motion. 

Andre's system of mine pumping machinery, manufactured hf Sara, of Penrhyn, Cornwall, 
is shown in Figs. 6416 to 6418. Fig. 6416 is a side elevation, and Fig. 6117 is a plan, of the pump 
as fixed in the mine. 

Two columns of water of equal height, and therefore balancing each other, communicate through 
the pipes G and D, called the pressure-pipes, with the interior of the cylinders E and F. These 
oolumns press by their weight upon the rams O and G' worUng through stuffing boxes in the 
cylinders £ and F, and as the rams are connected outside by the rods R, R, they are held in 
equilibrio by that pressure. The continuation of these rams is of larger diameter, as shown at H', 
and works through stuffing boxes in the pump-cylinders or working barrels I, J. These barrels are 
provided with suction and delivery valves in the usual way. It is evident that if pressure be 
applied alternately to the columns O and D, a reciprocating motion will be communicated to the 
nuns G and G', and thence to the plungers, which are merely continuations of the rams. Sup- 
pose, for example, pressure applied to the column D. The ram G' in cylinder F is forced back 
and the plunger H expels the water contained in the working barrel I through the delivery-valve 
and up the rising main P. At the same time, the ram in cylinder E is drawn in by the rods R, R, 
and the plunger G sucks the water into the ixurel J, the pressure-column G rising witli the return 
of the ram. When the stroke is completed, the pressure is transferred to the other column G, and 
the same effects are produced in the contrary direction. Thus the pump is double-arting. 

One mode of applying pressure to the columns is shown in Fig. 6418. Two cylinders, A and A', 
of the same diameter as the ram-cylinders E, F, ore connected with the upper ends of the pipes 
C and D by a trumpet mouthed connection of the form of the contracted vein. These cylinders, 
called motor-cylinders, are placed vertically in the figure, in order to show the arrangement more 
clearly, but in practice the horizontal would in most coses be a more convenient - position. Two 
plungers, B and B', work through stuffing boxes in these cylinders from a two-throw crank 
R and R'. 

Thus it^will be seen that the whole of this machinery is of a very simple character. The great 
difficulty, however, with a pump of tiiis nature is to keep the pressure-pii)es quite full of water, 
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and alflo to preserve an equal 
quantity in each of the pres- 
Bure-cylinders E and F. For 
if the pipes are not always full, 
violent shocks will be occa- 
sioned by the plungers B and B' 
not meeting with water at the 
beginning of their stroke; and 
if firom leaks^ one pipe has 
less water in it than the other, 
the rams in the cylinders B 
and F will be displaced in the 
direction of that pipe, and so 
endanger the maohineiy. This 
difiQculty has been the chief 
cause of the faUure of all ^re- 
vious attempts in this direction. 
In the system we are describ- 
ing, this dilficulty has been 
overcome in several ways. One 
of these is shown in Fig. 6418. 
The motor-cylinders are in con- 
stant communication with a re- 
servoir-cylinder N, through the 
pipes « and u'. These pipes 
aie provided with valves or 
cocks ©, ©', worked by hand, 
for the 'purpose of cutting off 
the .communication when ne- 
cessary. A ram -piston Q 
works in the reservoir-cylinder 
through a stuiBng box, and is 
loaded to the proper pressure 
to the square inch, which has 
been found requisite to work 
the pump, the weight W being 
suspended from the cross-head 
cby therodst, f. As the water 
in the motor-cylinders is in con- g 
stant communication with that 3 
in the reservoir N, any leakage 
that may occur in the pressure- 
pipes or .the pumps is instantly 
replaced. Gonsequentlv the 
pipes must be always full, and 
as no inequalities can possibly 
occur, the rams in the cylinders 
E and F detnnot be displaced. 
As an additional safeguard, 
liowever, in view of a dis- 
placement occurring from other 
causes, such as an accident ta 
any part of the machinery, a 
contrivance has been provided 
for signalling the derangement 
and restoring the equality. 
Upon one of the connecting 
pods R, Fig. 6417, are two 
levers or hammers A and A', 
held up bv springs against 
stops on the rod It. If the 
nuns get out of their normal 
position^ the hammer A or the 
nammer A' will strike the 
bell A at each stroke until 
the derangement has been 
remedied. This is effected by 
means of the valves r, v'. Fig. 
6418, and a discharge-cock on 
each of the motor-cylinders. 
These discharge-cocks are not 
shown in the drawing. Sup- 
pose the pump-rams to be dis- 
placed in the direction of the 
presstiio-pipe C in conseqaenos 
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oflinder will then foroe the ranu back to tbeli uib 

nomiftl position. Another mode of aij^nKlling oi 

pretealiDg diapliicement of the pmnp-plongera la 

to plftce a kind oF spring buflbr npon Ihe coDUeot- 

ing rods. Should a diapl&ocment ooctu, the buflei 

comeB in oontAot with a iituidBrd oi atout stud pn>- 

jectiag from the bed-plate, and as further motion ill 

that direotion ia stopped, the BOdUnulalot N takes 

the rootiTe preaance ; the oonseqiieiit rise of the 

loided piston indicating that the pmnpa are not 

uuMng tliuir full stroke. 

Beuides the pnipoaes we have described, the 

retcrvoir-cyliudec with its loaded piston serree Ihe 

veiy important one of presenting a shock at each 

change of stroke. Also in the case of a hitcli ooonr- 

ring in the pumps, tlie reservoir woold talra the 

preasnre from the motor-cylinder, and so prevent 

a ruptore. A small force-pump, worked by an 

eccentric from the same crank-shaft as the driving 

rams, Bupplies water to the ressrvolr. 

Another contrlranoe for keeping the pressnre- 

ptpe« full of water is shown in Fig. 6419. The 

part of the motor-cylinder jnst beneath the stuffing box is connected by a pipe u and u' lr> a 

tern O. These pipes are each flttrd with a ball-viilTeo and d'. A leakage in either of the prew 
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